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BEFORE AND AFTER OPERATION 


sSLOOD PRESSURE 


IN HYPERTHYROIDISM * 


LEWIS M. HURXTHAL, M.D 


BOSTON 


lhe relationship between blood pressure and hyperthyroidism is 
significant if some views of the present day are true. It is common 
nowledge that there is an increased pulse pressure in hyperthyroidism 
Statements have been made that if this were continued over a sufficient 
time, cardiovascular changes and permanent arterial hypertension might 
ensue. Furthermore, it is the belief of some writers that the nontoxic 
idenomatous goiter can lead to similar changes over a period of years 
There has been no adequate survey, as far as I am aware, to show 

it either active hyperthyroidism or prolonged but slight over-activity 

the thyroid in otherwise clinically nontoxic goiter leads to permanent 
cardiovascular degeneration, hypertension or cardiac enlargement. 

In observing patients who have been operated on for toxic goite 


than 


ne frequently finds the blood pressure higher after operation tl 
before, although the basal metabolic rate is normal and the patient is 
linically free from thyrotoxic signs or symptoms. One might assume 


t the preexisting state of hyperthyroidism had been a causative fact 


the development of the vascular hypertension. These observati: 
ive probably led others to assume, and in certain instances have led 1 
wonder, whether or not there is any relationship. This study, there- 
re, was undertaken to determine: (1) the blood pressure before and 
ter subtotal thyroidectomy ; (2) the relationship between the metaboli 
te, the type of goiter and the blood pressure; (3) a comparison 
after oper mn 


hetween the blood pressure of patients with toxic goiter 
the blood pressure of nongoitrous persons 


MATERIAL USED 
this kind is an analysis 


The ideal method of study in a problem of 
a large group of consecutive cases. Complete follow up data 
lifficult to obtain when patients are widely scattered over several states 


t 7 
le 


e most of my patients return for examinations two or three tit 
ig the year following operation, less than one-fourth return regular 
ee months during that time. I analyzed 458 cases of toxic goitet 


thr 
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NTERNAL 


regardless of the type, the occurrence of postoperative myxedema 

recurrent hyperthyroidism. I found, however, that selected cases had t 
be used for special purposes. This selection was made on the basis of con 
pleted data for the questions at hand. Only cases free from recurrent 
persistent hyperthyroidism or postoperative myxedema were included 


It seems hardly necessary to state that all cases diagnosed as hyper 


thyroidism were clinically thyrotoxic. Patients with hypertension and 


elevated basal metabolic rates who have no clinical evidence of thyroid 


toxicity are not considered as having hyperthyroidism, are not operat 


on and therefore are not included in this stud) 


a tcl a 


OBSERVATIONS 
Basal Metabolism Determination.—Unless the circumstances did not 
permit, the first basal metabolic rate in these cases was determined on 
the morning following the patient’s admission to the hospital. A second 
basal metabolic rate was determined about the sixth day afterward 
Unless the patient was unusually toxic or had some other complication 


no further observations of the basal metabolic rate were made before the 





operation. In case that it was necessary to perform the operation in 
two stages, only one metabolic rate was usually recorded before the 
second stage. Six days after operation was generally the time at whicl 


t 


the postoperative metabolic test was made. 

The patients were asked to return every three months during 
first year and once a vear thereafter for observation. It was insisted 
they enter the hospital on the night before observation ; nothing 
given to them by mouth after 8:00 p. m. that night. Phenobarbital was 
occasionally prescribed for restlessness. In the morning the patients 
were taken in wheel chairs to the metabolism laboratory, and after a rest 
of ten or more minutes the test was made. Thus, the best possible 


circumstances were provided for the estimation of the basal metabol1 


Pressures \ reading of the blood pressure was mi 
were first examined either at the clinic or at the hospital 
eadings of the basal blood pressure were made by trained technicians at 
time of each metabolism test. Thus, all the readings of the blood 
ressure were made under ideal circumstances and under conditions tl 
could not be improved. 
BASAL BLOOD PRESSURE 
Determinations of the blood pressure made under basal conditi 
re lower than taken at other times. A comparison of the 


d Pressure and Pulse Rate Levels, Arch. Int. M 
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Chart 3.—Observations « 
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tions: 


| é 3 “4 
n 100 cases of exophthal: re 
first observations; 2, after first operatiot etort 
ifter second operatior 


six weeks later) ; 4, < 














with secondary hyperthyroidism. In 
there were no cases in which there was persistent or recurrent hyper 


] - - 
itous goite these three g 


hyroidism or postoperative myxedema. The average age of the patients 
requiring One-stage oper: vears, whereas the ave rage age 
nts requiring two-stage operations was 41.7 years. The average 
b | “ ‘Se 7 ™ > - 
he adenomatous group was 51 years. While the pulse pressure 
° ’ , } 1; - 1 rol - 4 th ats ’ - mired 
rate of metabolism averaged higher in the patients who requiré 
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livided according to the length of time durin which the 
observed. 


It may be noted from table 4, as well as from the preceding cl 


that following operation there is a lower systolic pressure and a highet 
liastolic pressure. This also occurs before operation after a period « 


rest and the administration of compound solution of iodine \ll tl 
toxic patients in this study received compound solution of iodine 


minims [0.6 cc.] three times a day irrespective of the type of goite1 





Of the cases requiring two operations, 46 per cent showed this chang 
blood pressure, i. e., a lower systolic pressure and higher diastoli | 
sure at the end of three months. However, 20 per cent showed an el ) 


tion of both the systolic and the diastolic basal blood pressures, while 14 
blood pressures Lhe re 


per cent showed a reduction of both these 


ler had other minor variations. In the fiftv cases of exophthalmi ite 


4—Basal Blood Pressure reer 
lu 
\verage Basa Basal Blood Press 
Blood Pressure 
Number of Before After I Ir lr 
Cases Operation Operatior Months 6 Months 9 Months Months 
4 132 69 131/74 129 /7¢ 3/7 194 7 é 
: 137/72 0/7 131/78 
137/7 132/7 129/74 
138/69 131/7 1299/8 


\verages, 137/70 131/70 


which were followed with complete data for one vear, 54 per cent showe 

a lower systolic and a higher diastolic pressure compared with that befor 
operation; 26 per cent showed a lowering of both pressures, while 1! 
per cent showed an actual increase of both pressures. In thirty-eight 
ases of toxic adenomatous goiter, three months after operation, 40 per 
cent showed a lower systolic and a higher diastolic pressure, while 2 
per cent showed both a lower systolic and a lower diastolic pressure 
21 per cent had a higher systolic and diastolic pressure after this intet 

In chart 5 is shown the effect of operation on the average basal 
pressures by decades in severe exophthalmic goiter (1. e., requiring tv 


1 1 1 


stage operations), and in chart 6 is also shown the same effé 


group of 225 cases of all types of exophthalmic goiter selected t 
reliable averages. The averages for the toxic adenomatous group | 


1 7 1 1 17 


and after operation by decades are listed in tables 3 and 7. 

One frequently sees patients with low or normal blood 
who are toxic, emaciated, no longer markedly activated and e 
apathetic. These patients have a distinct rise in pressure when 


thvroidism has been relieved. The explanation of this is difficult 
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LOOD PRESSURE IN HYPERTHYROIDISM 


servation that 20 per cent of the toxic patients had a rise in basal 
od pressure following operation was surprising. Various factors may 
mint ior this: 1. A certain number had a prolonged rest in be 
re coming to the hospital. 2. It is well known that a fall in blood 
essure may take place when there is marked emaciation. 3. Some oi 
hese patients had an auricular fibrillation which returned to normal 
vthm after the operation and permitted a more accurate determina- 
on of the blood pressure. I believe, however, that an auricular fibrilla- 
n may lower the blood pressure. Furthermore, the natural progression 
- an underlying hypertensive disease is a possibility. 
The incidence of hypertension before and after operation in 458 
ises of all kinds of toxic goiters is shown in table 5. An average basal 


lood pressure of 150 mm. of mercury or more was present in 26 per 


5 Inalysis of Various Groups Before and After Operation in Relation 
to a Basal Systolic Blood Pressure of 150 Mm. Hg. 
Per Cent Showing Per Cent 
Systolic Blood Pressure Showing 
of 150 Mm. Hg or More Rise to 
sefore Operatior 10 Mm. He 
or Above 
Before After After Averag 
Group Operatior Operatior Operatior Age 
5 cases of all types: average of blood 65.5 7 48 1 
pressure before operation mo.tolyr 
0 cases of severe exophthalmie goiter i | 4} 
nitial blood pressur¢ m<¢ 
cases Of exophthalmie goiter: initial 2 ( 0 8 
ood pressure lyr 
4 ses ¢ lenomatous goiter with hyper 4 
hv list t blood press ‘ 


nt of the cases before operation. From three months to a year following 
operation, 13.7 per cent still showed a basal pressure of 150 mm. of 
mercury or more; 4.8 per cent in which the average blood pressure was 
inder 150 mm. of mercury before operation showed a final pressure 
higher than this figure. Thus, in this group of consecutive cases, approxi- 
mately 18 per cent showed hypertension after operation. In the milder 
ases of exophthalmic goiter, 26 per cent showed an initial pressure of 
150 mm. of mercury or more on the first examination, whereas only 
per cent showed a blood pressure of this degree at the end of a year. 
i the other hand, in the severe cases of exophthalmic goiter in which 
basal metabolic rate was normal at the end of three months, 40 per 
nt showed an initial basal pressure of 150 mm. of mercury or more 
re operation. At the end of three months, 23 per cent still had 
sal systolic pressure of over 150 mm. of mercury, while 11 per cent 
howed a rise from below this figure to above it. In the adenomatous 


up, 62 per cent showed an initial pressure of 150 mm. of mercury 
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It is to be noted (chart 7) that the averages of 


there is no indication fr 
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Cases Pressure 
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52 131/77 
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rom six months to a year later. 


YPERTENSION 


the course 


id clinical blood pressure readings were obtain 


in spite of the fa 





PRESS 


the basal blood pressure 
ns with nontoxic goiter as shown in table 
n comparisons be made with other groups, since the basal blood pres 
res are lower than those taken under the usual clinical conditions. 

le 7 are placed for comparison the average basa 
lecades in severe exophthalmic goiter, and in 
phthalmic goiter, from 6 months 
ent were recorded at the end of a year). 


lenomatous goiter before operation and at the end of three mont 


ses Of exophthalmic goiter after operation parallel the averages of t 
ises Of nontoxic goiter before operation. Thus, if the clinical bloo« 


ures in the nontoxic cases parallel the clinical blood pressut 


Exophthalr 
Goiter from 
3} to 12 Mo 


No. of 


‘ases 


0 
4) 


5D 


vt) 


sophthalmic goiter is followed by hyp 
The patients who requ 
ms show a higher residual average, but this is not a representative 
presence of hypertension is often one 
11s done in two stages. The average basal postoperative blood pressur« 
the toxic adenomatous group are higher than those of 
roups in the fifth and sixth decades (chart 8). This is the onl 
g to the theory that hypertension may result from thyrox 
is doubtful if any conclusion can be based 
this question is left open. 
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rely found in hypertension alone o1 the: 
creased pulse rate is present. It a choice 
eadings and the auscultatory sounds had to 
id to the diagnosis of hyperthyroidism, | fee 

greater value. 

CONCLUSIONS 

1. The blood pressure readings taken un 

wer than those otherwise taken. The fer 


patients with hyperthyroidism. 


2. The pulse pressure is increased in 


nypert 


7 

, 
nditions in which an 

| hi!) ; 
between Dioos ressure 
e made S an auNilila! 
that the latter would be 
ler Dasal conditions ¢ 
ence Ss lost marke nh 
} 1 ly ’ ] 1 | 
hyroidism and decreased 


about 50 per cent of the patients following relief from thyroid 
tonicity. 

3. On the basis of averages there is no constant relationship between 

e height of the systolic blood pressure and the basal metabolism rate 

+. The average height of the blood pressure increases with advancing 


Tex 
5. The average basal blood pressure readings in cases of toxi 
iter after operation and in cases of nontoxic goiter before operation 

run parallel. 

6. The average basal blood pressure reading following relief from 
vperthyroidism in exophthalmic goiter and from toxic adenomatous 
voiter is approximately the same in each age group up to 50 years, 


‘ ’ 
u 1K 


it thereafter it is slightly higher in the tox 

7. The blood pressure in hypertension com 
ism undergoes, on an average, the same change 
follo 


Oo 
YO 


thyroidism without hypertension under 


wing oO 


adenomatous 


group 


licated by hyperthyroid 


that patients with hyper 


peration 


8. In hypertensive patients with auricular fibrillation and hyper 
thyroidism, the average blood pressure is higher after operation when 
thyroid toxicity has been relieved and the normal rhythm has been 
restored. 

9. There is no evidence in this study from which it can be con 
cluded that hyperthyroidism leads to permanent cardiovascular hyper 


tensive disease. 
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n the urine found to give positive results. The indirect 
was employed in all the cases. The results were not 
‘ams or units, but were referred to as positive when 

rs were of greater intensity than norms irty-four, or 26.1 

had a positive van den Bergh reading, < le percentage of 
reactions was twice as great in the overweight subjects. 


performed the van den Bergh test in a large series « 


seventeen of these diabetes mellitus was present. Fourteen 


Three of the more severe cases in which no 
gave high readings for bilirubin: 1.1 units, 
expressed in milligrams per hundred cubic 
He also found a high excretion of 
a return to normal with the adminis- 
He concluded that despite the diversitv of the func- 

liver a high value for blood bilirubin indicates a di 

liver, unless due to hemolvtic disease. 

Bowen, Vaughan and Koenig ° estimated hepatic function in twenty- 
cases of diabetes mellitus. In none of their cases did the urobolin- 
e exceed 1:20, and only seven gave this reading. They 
red the finding of urobilinogen in this dilution indica- 
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ic dysfunction. The result of the quantitative van den Bergh 


its (0.3 mg.) in twelve cases, and 1 unit (0.5 mg 
retention was present in ff 
performed in only fourteen cases of diabetes. 
1 sugar was 115 mg., the highest 548 mg. 
¢, Thev concluded th: ts for hepatic dysfunction more 
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ive positive resu In Ca tr ciabet than in the ¢g 
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givcosuria. 
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han attempting a comparison 


tub 


Wallace and Diamond," Eusterman,’® Hall,?‘ Piersol and Rothman,’* 
Graham, Cole and Copher *® and Foley *’ offer abundant data to indicate 
the value of these tests for the estimation of hepatic function and to aid 
in the interpretation of the results. 

[he normal results in the selected tests have been satisfactorily 
letermined. All investigators agree that the retention of any brom- 
sulphalein aiter thirty minutes should be considered abnormal and 
indicative of hepatic disease. Foley °° examined 100 persons from the 
uutpatient department of the Research and Educational Hospital. They 
were apparently free from gross pathologic changes of the liver. He 
stated, “Particular attention was taken to exclude cases in which a his 
tory of alcoholism or syphilis was obtained.” Not one of these had 
inv bromsulphalein retention after thirty minutes. 

\n icterus index reading of from 3 to 6 is accepted as the usual 
ormal, and 99 per cent of Foley’s *° cases had 6 or less. 

\ positive reaction for urobilinogen in urine diluted twenty times 
is taken as the high normal. VPiersol and Rothman ?* considered this 
the most delicate test for hepatic function and any elevation greater than 
1: 20 indicative either of hepatic injury or of excessive production of 


Diirubin. 


The quantitative van den Bergh reaction is subject to greater vari- 


itions in interpretation as to normal values. The average range 1s 
usually given as from 0.1 to 0.25 mg. or 0.3 mg. per hundred cubic 
centimeters. Van den Bergh,?!: McNee,*? Hall,°* Ravdin ** Roberts. 


I 


Functional ” f the Liver; a Clinical Review, Ant 
) 1927. 
W.: The van den Bergh action for Serum Bilirubin, with 
Interpretation and Technique, J. Lab. & Clin. Med. 12:529, 1927 
Piersol, G. M., and Rothman, M. M.: The Practical Value of Liver Func 
Pests, J. A. M. A. 91:1768 (Dec. 8) 1928 
19. Graham, E. A.; Cole, W. H.; Copher, G. H., a1 
e Gall Bladder and Bile Ducts, Philadelphia, Lea & Febiger, 1928, pp. 337-398 
Function Tests, Arch. Int. Med. 45:302 (Feb.) 193 
2:498 (Sept.) 1924. 


nd Moore, S.: Diseases of 








\ndrews,*®> Anderson,** Rhamy ** and Graham, Cole and Cophet 
i 


greed with these figures. Perkin,** after examining 50 presumably 
ealthy persons, decided that from 0.05 to 0.35 mg. would include 
; ) 


) 
normal cases. Diamond’ gives from 0.2 to 0.4 mg. Schiff,°° after 


xamining 202 persons, concluded that a reading over 0.6 mg 


ibnormal and said, “When higher values are quoted it is to care 


ases of familial cholemia.” Rowntree and Greene, Snell an 
Walters °° gave from 0.2 to 1 mg. and from 0.5 to 2 mg., respectivel 
is the normal range. In Foley’s 100 clinical cases, 71 per cent shows 
ess than 0.3 mg. and 95 per cent less than 0.5 mg 

\pparently there are sufficient data to conclude that from 0.25 


).3 mg. may be safely taken as the usual high normal 


EXPERIMENTAI DATA 


After completing the investigations on the 100 diabetic patients 


hree main groups, A, B and e. were formed for study and comparison 


Group A—The forty-eight members of group A aftorded neithet 
physical observations nor laboratory evidence indicative of dysfunction 

the liver. 

Group B.—The thirteen patients of group B could have been 
included in group A if nine (subgroup B-1) had not shown a very slight 
retention of bromsulphalein. This amount did not definitely measur 
3 per cent and was recorded as from 0 to 3 per cent, thus indicating that 
the amount was too small to be estimated accurately and possibly would 
be ignored by some investigators or classified as a trace. The remain 
ng four (subgroup B-2) showed only an elevated van den Bergh 
alue. Two had 0.4 mg. and the others 0.5 mg. As this was the only 
ndication of hepatic dysfunction, it is probable that the readings should 


not be considered abnormal in these cases. 


26. Andrews, C. H \ Clinical Study of the van den Bergh Test in Jaundi 

rt. J. Med. 18:19, 1924. 

27. Anderson, J. H.: Examination of the Blood for Bile Pigment, Lancet 2: 
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28. Rhamy, B. W.: Estimation of Bilirubin in the Blood as an Index of | 
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Krom the thirty-nine patients in gr 
indicative of hepatic dvsfuncti 
a positive result 


The special table with the individual laboratory 


in the 


utted, as the results of all the tests employed in tl 


itic function were interpreted as normal. With foci of infection 


n teeth, tonsils and sinuses excluded, all persons in group A were co 


lered as having uncomplicated diabetes mellitus, except as 


atients 26 and 62 both had had cholecystectomies perform« 
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C-1, the case of patient 5 was diagnosed 


hal 
Hal 


| as Catarr 
jaundice. This condition appeared four months after the removal ot 
infected teeth and tonsils, which was done with the hope of improving 
the diabetic condition. The selected tests were done frequently, and 

re was gradual improvement. She was discharged four weeks after 


i 64. ec Bs ; } —— o 
\ present in a dilution oO i . ’ ie \ romsul] 


pitalization and six weeks after the onset of jaundice. At this time 
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[EYER—HEPATIC FUN 

Bergh reaction was biphasic, and showed 10 mg. of bilirubin \1 
exploratory operation showed an extensive carcinoma of the pancreas 
causing complete occlusion of the biliary passages. The autops 
weeks later corroborated the operative diagnosis. 

Patient 56 was a man who had had diabetes for over three years 
He entered the hospital on account of a severe nasal hemorrhage. H 
then also afforded clinical evidence of portal cirrhosis. It was neces 


sary to perform paracentesis abdominalis three times. He graduall 
improved, and when discharged showed: urobilinogen, 1:20; bt 
sulphalein retention, 35 per cent; icterus index, 25, and van den Berg! 
reaction, biphasic, and showed 1.5 mg. of bilirubin 

Patient 61 was unusually interestin: eleven rs before t 


studies, he entered the Philadelphia General Hospital with anasar 


ind a diagnosis of alcoholic cirrhosis was made He improv 

Three years before these tests diabetes developed. In January, 192%, 
he had an amputation of the thigh for gangrene of the foot and leg 
He improved and was discharged to the metabolic clinic. Jaundic 


first appeared on July 1, 1929. At this time, there was no urobilinoget 
in the urine, and the van den 


n Bergh reaction was an immediate direct 
reaction, with 21 mg. of bilirubin. Daily examinations 
change until the sixth day, at which urobilinogen could be 


undiluted urine. The van den Bergh test showed 15 mg. of bilirul 


On the twelfth day, urobilinogen was present in a dilution of 1:2 


The van den Bergh reaction was biphasic, with 15 mg. of bilirubin. O 
\ug. 2, 1929, Talma’s operation was performed and a section of the 
liver removed for study. The pathologic report was: adenoma of tl 


parenchyma of the liver. On October 22, urobilinogen was present 
1: 100; there was 40 per cent retention of bromsulphalein; the ict 
index was 6; the van den Bergh reaction, direct 


, Was negative ; indirect. 
0.2 mg. On Jan. 7, 1930, the urobilinogen was present in a dilutior 


ot 1:10; there was 20 per cent retention of bromsulphalein ; th 


it 


with 0.3 mg. of bilirubin. At this time, the patient 


pati Was Cll 
improved. 


index was 8; the van den Bergh reaction was very faintly biph 


Patient 59 was a man who had been using alcohol to excess 


least two years prior to entering the hospital. The liver | 


i le iver Was 


and definitely enlarged. He also had oral sepsis and peripheral neuriti 
of the right foot and leg. Treatment directed toward his diabetic cond 


tion caused a gradual improvement. At the end of ten weeks, he w 


apparently normal, except for diabetes mellitus 
Patient 69 was a woman who entered the hospital for gallbladdet 


disease associated with jaundice. The diabetic condition was disco 


prior to operation, at which carcinoma of the liver and biliary tr 
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COMM 
The forty-eight members of group \ offered neit 

festations nor laboratory evidence of hepatic dysfunction. It was expecte | 

that the studies of hepatic function in three of the cases (that t 

alcoholic person and the two of patients who had cholecystect : 


would give positive observations, but these remained within 

inge. Undoubtedly, the great size of the liver at all ages amply pr 
vides for the numerous hepatic functions, and also atiords a “fact 
safety” sufficient to care for a considerable degree of injury, thu 


the estimation of minimal hepatic dysfunction an unusually diffier 


assume that any evidence of damag 


problem. It seems reasonable t 


o the liver when obtained by approved tests, carefully perfort 


should be considered of diagnostic import. In addition, these studi 
were all conducted on patients using accurately weighed preseript 
diets. All were fairly well standardized, and in group -\ all but on 


required insulin. Jones, Castle, Mulholland and Bailey > concluded that 
the better the diabetes is controlled the less apparent hepatic dysfunctior 
becomes. This coincides with the impression gained in this series 
Undoubtedly, the rigidly enforced regimen (embracing as it does a well 
balanced, nutritious diet, rich in vitamins, minerals and base-producing 
foods, insulin as required, proper rest and exercise, and general proph 
lactic and hygienic measures) contributes in a great measure towal 
hepatic regeneration and the restoration of normal functior 

In group B, the retentions of bromsulphalein, even though extremel 
» classify these patients as 


having hepatic dysfunction. As the amount of dye retained could not be 


slight, might be considered sufficient data t 


accurately measured, these patients, as well as those with only th 
slightly elevated van den Bergh readings, will not be considered as 
showing definite hepatic dysfunction, but are presented merely for « 
sideration. 

The thirty-nine patients in group C all furnished laboratory dat 
interpretable as evidence of hepatic dysfunction. As the purpose of th 
investigation was to determine hepatic function in relation to diabetes 
eleven of these were excluded. Seven had definite manifestations ot 
injury to the liver, the clinical diagnosis being: catarrhal jaundic 
carcinoma of the pancreas, adenoma of the liver, portal cirrhosis, 
holic cirrhosis, metastatic carcinoma of the lungs and liver and carcinor 
of the liver, respectively. Three others had a severe grade of nephriti 
ind another syphilis. 

The twenty-eight patients selected from group C afforded no clini 
manifestations of hepatic dysfunction, and it was impossible to deter 
mine any complicating factor Lesides diabetes, 


influence the tests for hepatic function. These patients apparently furnis 
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is taken as the high normal 
bromsulphal 


As noted by other inve 
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Patients 
Sexes..... 
Average age, yr 
Average weight, lt 


Average duration of 

Average insulin units 

Average blood dextrose, 1 

Average rogen, 1 

Average cholesterol, my 

Average carbon dioxide 

Average hemoglobin, G1 ] 12.6 

Wassermann reactions All negative All neg 10 negative, 
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\verage urobilin 1:10: 

\verage icterus in 











[EY Es EPATIC I! 
e urobilinogen and quantitative van den Bergh tests suggested hepa 
ysfunction. The four others presented no retention of dye, but all 


showed an increase of urobilinogen. Probably in one of these cases 


re was also an abnormal reading for serum bilirubin, but in_ the 
remainder the results were within the normal range. 
etic patients, the bron 


\pparently in the case of standardized dial 
iphalein test will be found to give a positive result most frequent 


11 


bal @ | 


In the study of hepatic function, it seems advisable to conduct a series « 


plementary tests for the estimation of this function and to correlate 
carefully the clinical data before attempting their interpretation. 

The cholesterol readings exceeded 170 mg. in twelve cases, but it 

tO 


was impossible to explain the significance of this elevation as relate¢ 


hepatic function. 
The data for groups A, B, C-1 and C-2 are found in table 4 


CONCLUSIONS 


1. Clinical and laboratory studies apparently indicate that hepatic 
dysfunction is a frequent occurrence in diabetes mellitus. Of the cases 
studied, 7 per cent showed both clinical and laboratory evidence of 
hepatic dysfunction, 28 per cent furnished only laboratory data, 48 p 

per cent 


cent were without any abnormal indications and an additional 13 


gave only minimal or doubtful readings. 


The older the patient and the longer the diabetes mellitus rema 


uncontrolled, the more frequently hepatic dysfunction becomes dem: 


1 
Ii 


strable. 
3. Even though the bromsulphalein test was found to vield positive 
results most frequently, it seems advisable to conduct a series of compl 


mentary tests. 
4. The study of these cases over an extended period of time created 
he impression that the modern diabetic regimen materially aids in 


} 
improving hepatic function and in conjunction with proper preoperatiy 
nd postoperative treatment permits even diabetic patients with clinical 
manifestations of hepatic dysfunction to undergo major surgical opera 
This study also showed that any patient 


1 
€ 


tions with comparative safety. 
whom hepatic dysfunction is demonstrated might advantageously 
prescription diet and a careful search instituted for evidence 


laced on a ] 


latent or potential diabetes 








RESSED AIR 


PNEUMONIA 


JOANNIDES, 


CHI 


it was noted that in the dog an increased int 


neu 


mothorax, pneumoperitoneum and air embolism. It was found that 
ur injected intrabronchially under increased pressure had little ot 
a good outlet for it was supplied. If, on the other hand 

an insufficient outlet or a complete blocking of the outflow 

air, the lung expanded when the intrabronchial pressure was raised 


1 
} 
i 


between 20 and 35 mm. of mercury. When t 


1@ pressure reached a point 
] 
L 


between 60 and 100 mm. of mercury, invariably, the dogs showed the 
syndrome of interstitial emphysema, pneumothorax, pneumoperitoneut 
and air embolism. These results were obtained in dogs with normal and 
also with pneumonic lungs. 

We have repeatedly noticed that the pulmonary vessels can 
emptied easily by increasing the alveolar pressure. In fact, after seve1 
ing the heart from its connections with the pulmonary vessel, w« 
have been able to wash out all the blood from the pulmonary vessels b) 
allowing the inflow of compressed air into the lung. The pressure at 
h to distend 


o 
is 


which this air was blown into the lungs was just high enou 
them to their optimum volume, but not to distend them to the point otf 
maximum drumlike distention. Under such conditions after the air was 


Ulowed to flow for a few minutes, it was noticed that blood oozed slowly 


mm the severed ends of the pulmonary vessels, and eventually only air 
me through. When this point was reached, a surface stereomicroscopic 
lung showed a complete replacement of the blood by air 11 

smaller as well as in the larger vessels. By filling the alveoli with 
ing solution and then blowing air under these conditions, we have 
force this fluid from the alveoli into the pulmonary cir- 


1out any apparent gross or microscopic injury to the alveolar 


\IR EMBOLISM 
1iomenon of air embolism is probably 


supposed. We have repeatedly noticed 








ito the pulmonary vessels of the frog whet 
ifficiently during the normal expansion of the lung to cause a 
ncreased intrapulmonic pressure. Undoubtedly the reason why the phi 
ymenon is not recognized clinically is that small amounts of at 
circulation are well borne, but large amounts, injected over a short 
period of time, reaching the heart and finally some vital area of 
rain, cause shock or transitory hemiplegia lhe so-called ple 


hock produced during the induction of artificial pneumothoray 


een definitely shown by Van Allen and his associates 

embolism. 

\When a large amount of air reaches the heart, it c sin <« 
ith the blood, which is a colloidal solution and has tendent 
mulsify much in the same manner as soap, so with each cat 
action the blood is broken up into smaller and smaller air bubb 


the animal dies of anoxemia and asphyxia. Some of this emul 


od finds its way into the general circulation and there it car 


lentified as air bubbles all along the course of the vessels. 
ethod for determining the presence of air in the circulatior 


sert a needle of a wide gage into the vein, and, as the blood is su 
syringe, air bubbles, if present in the vein, will be visibl 
he syringe. A more accurate method of searching for bubbles i1 


ler vessels and capillaries is by means of a capillary mi 


ros 


Since it is easy to squeeze fluids into the pulmonary circul 
nder normal conditions, we decided that it might be of value t 


is method in the treatment of pneumonia. In this disease it is « 
ent that the exudates that are produced in the alveolar w 

he path of least resistance and drain into the alveolar sac n pn 
onia, regardless of the etiology or the severity we found that 

teps in the development and course of the disease are no different 
han those in acute inflammation elsewhere in the body. The differen 


1 
I 


resented are those due to t 


e pecular structure ot 


CARDIOCIRCULATORY COMPENSATION IN PNI MONIA 


The lung is a very vascular organ, and the flow of t 


pulmonary vessels depends, among other things, on the intermittent 


2. Van Allen, C. M.: Hrdina, L. S.. and Clark. J Nit 
monary Vein: Clinical and Experimental Stud Arch. St 19:56, ) 


3. Joannides, M., and Steinman, F Phe Mechanism of Pneumor \ 
Med. 47:24 (Jan.) 1931 
4. A detailed discussie: appears i the rticle | M 

an (footnote 3) 
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JOANNIDES—COMPRESSED A Vi 


4 


the Illinois Research and Educational Hospitals. 


It is obvious to those who do much work under artificial respi 


tion that it is not necessary to use either pure oxygen or 


vith carbon dioxide. Such a provision, at least in the 


} 


nimal has been found unnecessary and expensive. ‘ 


pressed air has a sufficient amount of oxygen to take 


sphyxia. The increased pressure, on the other han 


anagement, allows for sufficient expansion and cont 


to reinforce the heart and the circulatior 


pressure indicator furnished by Dr. A. Littig,® chief 


oxygen mix¢ 


experiment 





Irdinary cor 


ung , 
In pneumonia, a disease in which consolidation results trom 

rowning of the alveoli and the edema of the interalveolar wall, the 
positive pressure in artificial respiration theoretically would be 

lefinite benefit. The increased intrapulmonic pressure (from 20 to 35 

mm, of mercury) will help to stretch and contract the interalveolar wa 


will also aid in squeezing some of the exudate from 
he circulation because the interalveolar pressure is now hi; 


the pressure of the blood in the pulmonary vessels. Moreover, 
I ; 


this wall int 


her 
ghet 


the exudate in the alveolar space will find its way into the circula- 


tion. Finally, the lung will get sufficient oxygenation to take « 


1 
t 


f tl 


1e anoxemia and asphyxia. We tried this method in dogs when t 


inimal was dying from pneumonia. It was noticed that an animal so 


veak physically that one could barely see the respiratory movements, and 


to all appearances almost dead, began to breathe normally 
respiration was established for from one to five minutes, 
] 


7 


after artificial 


and continued 


to do so for a period of from ten minutes to an hour before it again 


showed signs of collapse. The rate of obstructed outflow was fro1 


20 to 30 times per minute, and the intrapulmonic pressure varied frot 


20 to 35 mm. at the peak and from 5 to 10 mm. of mercury when t! 


outflow of air was completely open. 


The anatomic changes that occurred in the pneumonic lung are « 


nterest. When the intra-alveolar pressure was increased in the di 


a point between 20 to 35 mm. of mercury the liver-like, 


1 


dark-colored 


consolidated lung began to expand and to present a crepitating appear 


nce and the color became pinkish red, but the vessels 


, , : 
lowed to collapse it 


rominently. When the lung was al 


Was no 10! 


still stood out 
1 


1S 


solid, but showed crepitation and a less purple color. Microscopicall; 


is ] 
IS 1 


ung showed alveolation just like that in the normal lur 


ig, but definite 


hanges in the alveolar surface and in the wall still persisted. 


5. Littig, A.: Measurement of Positive Pressure Used 
Wisconsin M. J. 28:217 (May) 1929; Anesth. & Analg. 9:8 
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TECHNIC 


\ brief description of the technic in the administration of the com- 


4 
pressed air may be of value. 


+ 


The compressed air obtained from a tank 
by means of rubber tubing This tubing, by the use of 
tubings, provides for an outlet and also for the connection 


eter.6 One provision is essential, namely, that the diameter 


outlet of air should be the same, or even greater, than the diameter of 


} 


~¢ 1 } + 4 ~ 
lf-inch tubing is best. For 


attached to the mask. For the mask, ha 
ment to the Littig manometer, a tubing one-fourth inch in diameter is suthcient 
The compressed air is now allowed to run into the lungs of the animal, and tl 
pressure is adjusted to a point of 5 or 10 mm. of mercury with the outflow « 

pletely open. The outflow is now completely closed with the finger until th 
animal shows a bulge in the anterior abdominal level and at the costal margit 
[his occurs coincidentally with the rise of the intrapulmonic air pressure to f1 

20 to 35 mm. of mercury. The outflow is now released, and one sees a collaps 
of the thoracic and abdominal wall. The length of complete closure in the out 
flow until expansion of the lung takes place varies with the initial pressure 
When this initial pressure is high, the expansion occurs faster, and the intra 
ilmonic pressure varies from 25 to 35 mm, of mercur ‘are must be take 


increase the pressure too long or too high, iuse the syndrome ot 


ial emphysema results.1 At times the stomach may become greatly dis 


nded with air during this treatment. Such distention is distressing t 


to 


tient, and it interferes with the respiratory excursion of the diaphragm. It 


treated by the passage of a stomach tu a poin nd the cardia 
obstruction occurs.? 
\t the present time these studies have been limited to the dog. The 
xact pressure at which the human lung expands is now being measured 


1 


\ clinical trial will be made as soon as the optimum pressure is obtained. 


SUMMARY 


Increased intra-alveolar pressure, when excessive, produces inter- 

| and mediastinal emphysema, pneumothorax, pneumoperitoneum 

air embolism. 

2. Increased intra-alveolar pressure causes emptving of the pul- 
monary vessels when severed from the heart. 

3. In pneumonia, the alveoli are drowned with exudate coming frot 
the interalveolar wall and the alveolar surface. 

+. Cardiocirculatory collapse follows the consolidation and immobili- 
zation of the lung, which causes stasis because of the absence of 


intermittent expansion and contraction 


6. Littig (footnote 5, 
Joannides, M Surgery of 
Lobectomy, Arch. Surg. 17:91 


ageus of the Diaphragm to the St 








5. The heart and the circulation 


cial respiration was instituted in pneumonic lungs as well as 





pneumothorax. 





6. A pressure of from 20 to 35 mm. of mercury is sufficient 





ause complete expansion of the normal as well as of the pathologi 

7. Compressed air serves the purpose of artificial respiration safe 
nd inexpensively. It is not necessary to use pure oxygen or a « 
tion of oxygen and carbon dioxide. 

8. The outflow of the air is important, because it regulates 
legree of pressure in the lung, the amount of air blown in, the deg: 


f lung expansion and the prevention of the interstitial emphysema 





lrome. 


9. Pneumonic, consolidated, dark-colored lungs when subjecte 
increased intrapulmonic air pressure either inside or outsid 


hody became crepitating and pinkish red again 











HE COMPARATIVE CHANGES IN GASTRIC ACIDITY 
AND URINARY REACTION AFTER THE 
INJECTION OF HISTAMINE * 

MILTON Jj. MATZNER, M.D 


\ 


IRVING GRAY, M.D 


00 Y} 


ln a previous communication,! we discussed the advantages of 
combining analysis of gastric contents with estimation of urinary acidity 
as a method of obtaining more controlled results in the determination of 
gastric acidity. 

It has been known that persons having relatively normal gastric 
secretion are prone to have less acid urine after meals, a phenomeno1 
commonly referred to as the “alkaline tide.” On the other hand, a 
relative fixation of the urinary reaction has been shown to exist in 
patients with true achlorhydria. These observations were recently 
confirmed by Hubbard and his co-workers '* and by Baehr,? Davis * and 
others. 

We decided to employ histamine as the gastric stimulant in our 
studies. Histamine has been recognized as the most reliable gastric 
stimulant for hydrochloric acid by numerous workers, particular], 


\ndresen * 


and Gompertz and Vorhaus.* Ackman® was particularly 
interested in studying the relationship between the gastric acidity and 
the hydrogen ion concentration of the urine after the injection of his- 
tamine. It occurred to us to employ this principle of the relationshi 
between the gastric acidity and the true urinary acidity (py) in a 


clinical secretory test with histamine as the gastric stimulant. 


METHOD OF PROCEDURE 


The patient was requested to urinate at 6:30 a. m., emptying the bladder 
ompletely as possible This was done again at 8:30 a. m., and the hydrogen io: 
oncentration (pa) of the second specimen was determined immediately. 

Submitted for publication, June 23, 1930 
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VATZNER-GRAY—GASTRI( AC ) ) {NI HISTAMIN 203 


A Rehfuss tube was passed about 9 a. m., and the contents of the fasting 
mach were extracted. The stomach was lavaged with water until a clear return 
as obtained. Immediately thereafter from 0.25 to 0.5 mg. of histamine was 
jected subcutaneously. Gastric extractions were made every hour ove 


period of from three to five hours. The patient was instructed to empty the 


bladder completely at each urination. The gastric specimens were quantitativel) 


inalyzed for free and total acidity. 








The hydrogen ion concentration of the urin 1) Was immediately determi 
ith the Hellige comparator.*?_ This method is extremely simple a1 contra 
listinction to other methods lends itself readily to clinical us« The determi 

n can be made in a few minutes. 

Care was exercised in this study to prevent errors from variations in the 
espiratory exchange. The patient was kept as nearly at absolute rest as possible 
throughout the test. We essentially adopted the practice of Hubbard, Munford 
ind Allen,? of accepting as evidence of an alkaline tide a change of pa of 1 it 
ne specimen or of 0.5 pa in two specimens. These authors found that if t 
riterion was accepted, the results of the urinary test failed to agree with the 
esults of the fractional gastric analysis in about 20 per cent of all the deter 


ns carried out 


We employed this method in a study of twenty-five patients. Not 
more than 50 per cent of our patients who had free hydrochloric acid 
in the gastric extractions after the injection of histamine had a definite 
urinary alkaline tide. Our results may be classified as follows: 

Group 1: Patients with free hydrochloric acid and definite urinary 
alkaline tide, 6. In this group, after the injection of histamine, fre 
hydrochloric acid was demonstrated in the extracted gastric specimens, 
while the development of a definite alkaline tide was shown by the 
urinary tests. 

Group 2: Patients with free hydrochloric acid and no urinary alka- 
line tide, 6. In this group, free hydrochloric acid was demonstrated in 
the extracted gastric specimens. However, in contradistinction to the 
patients of group 1, these patients did not show a definite urinary alka- 
line tide. 

Group 3: Patients with no free hydrochloric acid and no uri 
ilkaline tide, 12. In this group, free hydrohcloric acid was not demon- 
strated in the extracted gastric specimens after the injection of his- 
tamine. A simultaneous study of the urine showed a relative fixation 
of the urinary reaction (no alkaline tide). 

Group 4: Patients with no free hydrochloric acid and a definite 
ikaline tide, 1. This patient, J. C., a man, aged 58, was admitted t 
the gastro-intestinal service of Dr. Irving Gray, with a history « 
inorexia, gradual loss of weight and progressive dysphagia. The “com 
hined test” showed the following discrepancy : a definite urinary alkalin 
tide but no free hydrochloric acid in the extracted specimens 


7. The apparatus can be obtained from Eimer and Amend, New Y 




















INTERNAL MEDICINE 


In seeking an explanation for the discrepancy between the gastric 


analysis and the urinary alkaline tide, it was surmised that the Rehfuss 


tube might be coiled up in the esophagus, owing to an obstruction at its 
lower end. If this were so, our analyses were esophageal rather than 
gastric. Immediate fluoroscopic examination with the Rehfuss tube in 
sutu. was done. These examinations definitely demonstrated the 
Rehfuss tube coiled up in the esophagus. The discrepancy between the 
gastric analysis and the urinary alkaline tide was thus readily explained. 


TasLe 1.—Results of “Combined Test” in Group 2 


Maximum 
Gastrie Acidity 
Clinical Free Total pu Of Urine 
Jiagnosis HC} Acidity — - ~ 
9:30 a.m. 10:10 a.m. 11 a.m. 12:30 p.m 
Neurosis ‘ 60 70 pu 5 Pu 5 Du o pu 4.8 


I 


9 a.m. 9:55 a.m 11:05 a.m 12 m 
Duodenal uleer 9 pu 4.8 pud pu d pu d 


9:30 a.m. 10:30 a.m. 11:15 a.m 2p.1 
Duodenal ulcer r ¢ pu pu 5 pu 5 pu 5.2 


9:40 a.m 10:30 a.m. 11:45 a.m. 2 p.m 
eurosis.... . 1 Pu 5 pu dS Pu 5.2 ya 5.2 


2 a.m. 10:15 a.m. 


10denal 19 


Neurosis... 


Gastrie Analysis 
Free HC] Total Aci 
4 


COMMENT 

Not more than 50 per cent of the patients in whose gastric extrac- 
tions we were able to demonstrate free hydrochloric acid after the 
subcutaneous injection of histamine had a definite urinary alkaline tid 
Several considerations suggest themselves to explain this apparent 
discrepancy. First, it is known that histamine causes an increased 
secretion of bile and of alkaline intestinal juices. This simultaneous 
ilkaline intestinal secretion might be sufficient at times to offset or t 
neutralize the effect of the secretion of hydrochloric acid into the 
stomach. Second, while the stimulus of histamine for gastric secretion 


is Maximum, it is usually not of long duration. The total quantity « 








hydrochloric acid secreted may thus not always be 
ppreciable change in the urinary reaction 
Kauders, Porges and Essen * drew attention t 


with hypersecretion (Reichmann’s di 
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lisease ), who in thei 
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ilues are practically maximum throughout the day 


ise appreciably after a test meal. 
Hubbard ® recently emphasized that t 
Ikaline tide should be done several hours after 


be sufficient in itself to exert an influence on 


ave taken this precaution in our studies. 
We gained the impression from .\ckman’s ‘ 


lso received breakfast on the morning that histamine was injected 


urse if that were so, a satisfactory explanation would be at hand 


ne investigation 


he 


he liberation of the carbon dioxide stored up during t 
n the urinary 


ot 


ic 


4] 
thie 


patient’s 
patient 
reac 


studies that his 


he greater percentage of urinary alkaline tides reported in his con 


prehensive investigation of the effect of | 


line tide. 


The fact that not more than 50 per cent of our patients in wl 
was demonstrated after the 


id 


gastric extractions free hydrochloric ac 
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paper. 
SUMMARY 


o 


1. The advantages of a test combining g: 


isl 


water) at present, and our results will be publi 


tion of urinary acidity (alkaline tide) are discussed. 


2. Histamine was employed as the 


3. Not more than 50 per cent of the patients in whose gastric ext 
s free hydrochloric acid could be demonstrated 


ion 
' histamine had a definite urinary alkaline tide. 


4. The use of histamine as the gastric stimulant in studi 
favorable 


urinary alkaline tide has been discontinued 





gastric stimulant 


More 
ences with Steero bouillon as the gastric stimulant in our studi 


urinary alkaline tide will be reported in a subsequent paper. 


8. Kauders, F.: Porges, O., and Essen, H.: Deutsche 
1415 (Nov. 24) 1921. 
9, Hubbard, R. S T. Biol. Chem. 84:191 ct.) 1929 
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NORMAL VARIATIONS IN ERYTHROCYTE AND 
HEMOGLOBIN VALUES IN WOMEN * 


CHRISTIANNA SMITH, Pux.D. 


SOUTH HADLEY, MASS 


Red blood cell counts and hemoglobin determinations have been 
thought by some investigators to fluctuate but little in an individual 


during the day and by others to show large variations. As it is important 


to know whether isolated counts should be considered in relation to the 


time of day of the count and the activity of the person, this study was 
initiated to determine the variations of erythrocytes and hemoglobin 
values during short periods of time. It was found that with accurate 
technic, the red blood corpuscles and the hemoglobin determinations 
remain remarkably constant during the day, and that there are m 
significant changes due to rest, moderate activity or food. Real differ- 
ences may occur, however, between counts for separate days and between 


averages for longer periods of time 


TOTAL COUNTS OF ERYTHROCYTES 

l’echnic.—The inaccuracy that may attend blood counting has invali- 
dated many experiments in which this technic has been used. Krumb- 
haar! (1928) stated that there are sixteen sources of error in making 
total counts which “if all were cumulative might easily produce a total 
error of more than 40 per cent without any one item passing a reason- 
able ‘limit of error’”’. In European hematologic work simple statistical 
methods have been used to aid in testing the accuracy of the technician 
and to determine the significance of results, but in this country only a 
few of the more recent papers have treated data in this way (table 1). 
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Aided by a grant for the year 1929 from the American Association for 
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SMITH—ERYTHROCYTE 


secause it seemed necessary to have some 


cle finite procedure by whicl 


he accuracy of the technician could be tested, the following method has 


the cells in 10 or 20 drops from the sam 


irct 


een used throughout this investigation: Fi 


pipet until the coefficient 
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ach operator count 
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TABLE 1.—Determinations of Error h h echn 
Coefficient « 
Variation, 

Author Date per ¢ Method 
rordt, K.: Arch. f. physiol. Heilk 1852 es, 30 counts diffe 
11 : 868, 1852 

1.8 series, 14 counts 


H.: Prag. Vrtijschr d. 1854 


Welcher, 





prakt. Heilk., 1854, p. 25 
Reinert, E.: Die Zaihlung der Blutkér 1891 } 
perchen und deren Bedeutung fir OO 
diagnose und Therapie, Leipzig, 
F. Cc. W. Vogel 
siirker, K.: Miinchen. med. Wehnschr. 1912 8 
59 389, 1912 
gensen, G Ugesk. f. leger 75: 
3, 1913 
rerhola, I Arch. f£. Gyniik. 103 3 115, 1914 } 
114 4 
Bing, H. L.: Ugesk. f. leger S81 : 1483, 
( M Folia haemat. 23: 1918-1 
Hi Ugesk. f. leger S13: 1919 
Ugesk. f. leger S82: 1920 
| *h. f. d. ges. Physiol. 1921 1.48 
21 
merson, C P.: Clinical Diagnosis, estimate 
Philadelphia, J. B. Lippineoctt 4.0 
Company 
Mayers, L. H.: Arch. Int. Med. 30: } ( 
475 (Oct.) 1922 i 
Rud, E. J.: Aeta med. Seandinav. 57 $ 8 to 
$2, 1922-1923 
Brandt, T.: Folia haemat. 32: 177, 1926 
6 
isch and Billich: Ztsehr. f. d. ges 
exper. Med, 48 3: 651, 1925-126 
sgood, E. E.: Arch. Int. Med. 373 192 
685 (May) 1926 
nder and Millar: Quart. J. Exper 8 
Physiol. 19145, 1928 
nt 
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consecutive days, 4 times = 
squares each day 
For s etermi ri 
series, 41 counts 
4 lays luplicate counts 
)counts with days 
des physiologic 
counts in 7 hours 
consecutive days 
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) deter lations 
6 drops same mixt 
Maxim per 
M ex perime 
hen 10 or 20 drops tro 


blood were counted until 


was considered insignificant acco1 
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= | 
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the same 
| the distribution of 





t that successi 


cell content becau 
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cells (Komocki,? 1924). In this work little difference was found 


between successive drops when accurate manipulation has been attained 
Successful results were obtained only after repeated practice periods, 


the length of time depending on the person. 


For the definition of terms and for the formulas and their use, refer 


ence may be made to anv of the standard textbooks on statistical 


hods. but 1t seems cle sirable to stp cify the ew used in 


+ . 
this wot 
- average 
item from the meat 
n= number of items 


standard deviation = 


coefficient of variation 


bable error of mean 
probable error of standard deviation 
probable error of coefficient of tariatior 
[he value of the method presented in table 2 as a measure for 
testing the accuracy of the technician either in the training of new 
workers or in the verifying of the exactness of old workers who have 
had long or short interruptions can be seen by examining the results 
obtained by technicians A and D in table 3. Technician D had don 
no blood counting until two weeks previous to the series reported here, 
and within that time her efficiency increased steadily. As her opera- 
tions became more exact, the distribution of cells became more even 
and the coefficient of variation correspondingly less. This procedur 
may be applied to work involving total white counts and hemoglobin 


determinations. 





In summary, the following statements may be made concerning thi 
advantages of applying simple statistical methods to the appraisal of 
technical efficiency in blood counting: 

1. The coefficient of variation for the cells counted from one pipet 
has a definite meaning.. It is the measure of the distribution of the 
cells after the pipet has been filled. In red counts a coefficient of fron 


2 Komocki, W.: Ueber die Zahl der roten Blutkérperchen bei gesunde: 


achsenen Menschen, Virchows Arch. f. path. Anat. 253:386, 1924 
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a 4,293,000 + 
o 3,000 + 
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Me Error Deviatio Error per Cent r 
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1° +1 9 
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to 4 per cent is an index of fairly good technic when 20 drops are 


counted from the same pipet, but less than 3 per cent should be attained 
\dequate shaking of the pipet and even distribution of the cells in 
the counting chambers are the necessary prerequisites. 


2. The size of the difference between the means of cells counted 


rom two pipets from the same drop of blood is influenced by the tak 
ing and the diluting of the blood as well as by the distribution of the 
ells in the counting chambers. The means will approach each other 
as the technic becomes more accurate, and the difference should neve 
be more than three times its probable error. The definiteness of this 
method, in which the technician checks himself, is to be preferred t 
one in which a second person counts from the same drop. It als 
excludes any consideration of the time of day or of physiologic varia 
] 


tions between practice periods if counts are made on different days 


i1.—Total counts were made with United States cer 


inting chambers on drops of blood from the finger tip 1 
the diluent. Two drops were counted from each pipet, or 160 small sqi 
all. Most of the data were obtained from women at half hour or hour i 
during eight hour periods on different days between the menses. 


good health, although both the blood counts and hemoglobin determinations wer: 


low when compared with the normal standards. The investigation was purposel 


limited to a few people, because the aim was to study the daily 


Il number of persons rather than scattered ones on many 


Observations. —Variations in total counts from 8 a. m. through 


m. were as follows (table 4, 


4 series 16 counts active 
10 series 8 counts active 
series 16 counts inactive 2 


7 series 8& counts inactive 





° 1 
series total 


Results —Other data that had been accumulated earlier in the study 
were discarded because the errors were too large. \ll data, howeve1 
led to the conclusion that the red blood corpuscles remain almost con 
stant in number during the day, and that the coefficient of variation for 
the day corresponds closely to the value previously obtained by th 
technician for the cells within the pipet. The accuracy of the technicia1 
should therefore always be known before conclusions are drawn con 
cerning variations in total counts. 

No difference is apparent between moderately active days and inac 
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tive ones for there is as much difference between two davs of activit 





or two days of rest for the same person as between one of activit 
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depressions appear in the composite curves 
days taken separately and together, the decrease in the number of cell 
is so slight and the amount of data so small that the dif 
the means for the morning and afternoon counts wer¢ 


insignificant according to their probable errors 
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ARCHIVES Ol! NTERNAL MEDICINE 


ervations.—Variations in total counts from 4 p. m. 
(table 4, chart 2) were as follows: 


10 series 8 counts active (27 


5 series 8 counts inactive 
otal 


(he data for this series of counts lead to the same con- 
clusions as those just described for the 8 a. m. through 3 p. m. series. 
There were no fluctuations evident which were outside those that can 
be ascribed to technic. The depression in the afternoon which is seen 
in the curves for the day counts (8 a. m. and through 3 p. m.), but which 
cannot be proved as significant, seems to be continued in the evening as 


indicated by the lower values for these determinations. If the means 
for the 8 a. m. through 3 p. m. and the 4 p. m. through 11 p. m. 
counts for subjects, B, D and G are compared, singly and together, 
it is seen that in each case the one for the evening series is less than 


that for the day. 


Che differences between the day and evening counts were as follows: 


8a.m.-3 p.m 4p.m—-llp.m. Difference 

series) 4,318,000 series) 4,210,000 108,000 

series) 4,242,000 series) 4,137,000 105,000 

serie 4.515.000 4 series) 4,466,000 49,000 
series) 4,351,000 series) 4.264.000 87,000 = 40,000 
As the difference, 87,000, is only a little over two times its probable 
error, 40,000, there is, again, no proof statistically that the decreass 
toward evening is real. However, the patterns of the composite curves 
(charts 1 and 2) show a slight downward trend in the latter part of the 
day, and with more data and still more accurate technic this may prove 


to be significant. 


Observations —Variations in total counts from 12 m. through 7 


a.m. were as follows (table 4, chart 2): 


series 8 counts active (38 


series 8 counts inactive (39-41) 


series total 


Results —Although the number of series is limited, the data indicate 
again the constancy of the red blood cell count during a limited period 
of time. There are no variations outside the limit of error for the 
technic and no characteristic pattern. It is probable that the increas« 
and decrease of cells during the twenty-four hour period are so gradual 
that the differences appear only between counts for days, as will be 


noted in the discussion of the longer series. 
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P ‘ . P 
tions were made every hail hour, the readings were taken at twe 


twenty-five and twenty-eight minutes after dilution, and in those 


very hour, thirty, thirty-five and thirty-eight minutes later 
q number of grams given for each hour is the mean of at least 
readings. The yellow filter used throughout this work gave \ 


f about 3.25 Gm. less than that obtained with the Van Slyke 
or the same blood. 

The same test for the accuracy of the method was used 
he total counts. Twenty readings were made from the same 


nd a coefficient of variation less than 1 per cent with a prol 


rror less than 0.1 per cent could be obtained. Two pipets filled fro 
the same drop of blood were found to have means the difference « 
which was less than two times its probable error. Despite this pre 
cision and care in the uniform lighting of the mirror, variations 

ppeared in the series of daily determinations over a n eT! ‘ 


time which are hard to understand 


Observations —Variations in hemoglobin determinations fron 





. 2 ee ~~ Sa, ee ee 
m. through 3 p. m. were as follows (table 7, chart 1 


8 series 16-20 determinations active (1-8) 
5 series 8-16 determinations inactive (9-13 


Results—The hemoglobin determinations fluctuate very little durin 


he day, and the slight changes that appear lie within the limit of error 


a 


for the method. As with the curves for the total counts, a slig! 


depression is seen in the afternoon in the composite curve (chart 1 
plotted from data for both the active and the inactive days. The m 


ind their probable errors were comput the morning and after 


noon figures with the following results: 


8 a.m. through 11 a. m. 12 m. th h 
n= 49 (series 1-13) 1 52 (series 1-13) 
a = 10.279 + 0.041 a 10.217 +0043 


difference — 0.062 + 0.059 


\s the difference is almost equal to its probable error, there is 
reason from these data to believe that the decrease i1 Valt 
¢lobin is a real diminution. 


Observations.—Variations in hemoglobin determinations frot 
m. through 11 p. m. and 12 m. through 7 a. m. were as follows (tal 
/, chart 1): 
5 series 4-11 inactive (14-18) 


7 series 12-7 inactive (19-25 
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Results—From both chart 1 and table 7 it is apparent that the 


hemoglobin values do not change significantly within short periods of 


time. When the determinations for subjects B and E are compared 
for the different times of day, it would seem that those for the after- 
noon and evening were higher than those for the daytime. However, 
if the differences between the means and their probable errors are 


computed, it is found that they are not real. 


Deternunations (G 


Original Data Table 


ient of Probable 

ndard Probable Variation, Error, 

eviation Error per Cent per Cent 
0,073 +1) 00S ).72 +(0.081 
0.075 +) O00 io +).085 
+0.014 1.1 +-().137 

+4) 000 i +4).091 


+0).004 0.29 +0. 


+0.075 


+1) 008 
+0.013 


+().090 
+().019 


+0,010 


p.m. Thro 
+0),000 
+) 000 
+4) PO 
+0. 098 


+4). 012 


ditferences between day, evening and night hemoglobin 


‘ts B and E were as follows: 


10.585 = ( 
0.281 = 0 


0.016 = { 


SIATIONS DURING LONGER PERIODS 


in the hemoglobin values over longer periods of tin 


may be real. as are those of the total red counts, but as determine 
those of the 


with the Duboscq colorimeter they do not always parallel 








WITH—ERYTHI YT} \ \ 
ells. These are the variations mentioned previously which are diffi 


» understand if it is assumed, as many do, that the hemoglobin valu 
vary directly with the total red counts. Although the total 


counts 


subject A for the summer of 1928 and February-March, 1929, are 1 


Ty 


significantly different, the hemoglobin determination for th 


tne san 


periods are (table 8). <A real difference is also found between tl 


I I 


hemoglobin values for 1928-1929 and 1929-1930 for subject B, wl 


ital counts were not found to vary from one year to another 








TABLE 8.—Hemoglobin Determinations O% Longer P 1s ra 
Hundred Cubic Centimete? f Blood 
Coefficient of 
Varia- Probat 
Probable Standard Probat tior Error 
Ss ect Date Season Mean Error Deviation Error per Cent per Cent N 
\ 1928 Summer 10.41 0.023 0.36 0.017 t 
1929 Fepruary 10.21 0.03 0.02 
March 
B 1928 Summer 10.40 0.035 0.39 0.02 } ( 
1929 Summer 10.62 0.018 ) 0.0 1.9 rl 
1930 January- 10.346 0.959 0.¢ 0.041 { 
February 
D 1929 Autumn 10.21 0.045 581 0.( } 
} 1929 Sprit: 10.41 0.012 0.00 is 8 
H 1929 Autumn 10.204 ( s H 
A n*=108 determinations in 11 days 
B n = 56 determinations i days 8 
= 56 determinations in 7 days in 1929 
I n = 87 determinations in 10 days 
In all other series n also indicates th 
The differences be . tities , those arnhahlea arene , 
ie differences between the means and thet robable ¢ were 


rollows: 


\ Difference 1928-1929 0.20 = 0.0. 
B Difference 1929-1930 = 0.054 = 0.069 
B Difference 1929-1930 = 0.274 + 0.062 


B Difference 1928-1929 0.220 + 0.039 


Total Red Counts.—As in the study of the leukocytes, much of tl 


revious work on red blood corpuscles has been on the determinati 
a normal average derived from values for many persons 
han from daily variations in individuals. Of those who have worked 


n the latter phase of the erythrocyte problem, some believe in a cor 
stant number and some in a widely varying one. Table 9 reviews 
brief way some of the evidence for and against a fluctuating re 
od cell count. \ccording to these investigators, there 
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arlations in a day «( Lyon,’ Nonn 
ariations (Hayem,*  Reinert,? Ward, raandyk,'! Jomockti, 


Leake, Kohl 


and Stebbins,'* and Stebbins and Leake yr large varia 
tions (Schwinge,’® Bing,!” Bierring,’? Lasch and Billich,s Doan and 
Zerfas ?® and Sabin 7°). 

A sharp line cannot be drawn in this previous work between ‘ni 
real variations” in a day and “‘small variations” for at least two reasons 
Che first 1s that the figures represent averages for different numbers 


uurs, and the second that the error involved in the technic is not | 
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case. When the latter is not given, it is impossible to evaluat 
he data except by comparison with data presented in this paper. It has 
been shown that the average range for the 8 a. m.-3 p. m. counts for 
19 series is 251,000 + 18,000, with a maximum of 490,000, and th 
coefficient of variation for over half the counts is seen to be less thar 
2 per cent (table 4). Therefore, figures that are given as indicating 
small variations may well be within the limit of error of fairly accurat 
technic (Ward,!® Craandyk,'! Komocki,’* Leake, Kohl and Stebbins 
and Stebbins and Leake '*). ‘There is no way to judge the validity of 
the conclusions of Havem,* and those of Reinert * appear to be accord 
ing to his data. 

Che large variations that are cited are outside the limit of erré 

that has been determined for the method and found to be small 
Bierring '* and Lasch and Billich'S have given values for the erro1 
involved in the method (2.3, 3.2 and 2.6 per cent, respectively, 
table 9). However, Bierring '' eliminated one large variation from his 
result as due to technic, previously noted by Rud,* and_ therefore 
lessened the worth of the coefficient of variation quoted by him 
\lthough the range of cells in twenty-four hours noted by Lasch and 
Billich ** is larger, as might be expected, than that given for eight 
hour periods in this paper, it is also greater than the differences usuall 
found between daily counts over longer periods of time (table 5 and 
unpublished data). The appraisal of the figures given by Bing *° and 
Lasch and Billich ** is also rendered more difficult because they found 
differences in the cell content of the blood from different parts of th 


body, which is not in accordance with other work on this phase of the 


erythrocyte problem (Reichel and Monasterio,?? 1929). Schwinge,' 


Doan and Zerfas?® and Sabin 2° gave no information as to the error 
involved in their technic. Sabin *° stated her conclusions concerning 
the fluctuations in total red cell count as follows: “Sabin . . . and 
Doan and Zerfas . . . have shown that the delivery of red cells from 
the marrow is rhythmic with a range of about 1,000,000 cells betwee 
the high and low counts each day; as far as their observations 
have gone the rhythm does not follow that of the white cells, with th 
marked rise in the afternoon, but rather the high points come bot! 
morning and afternoon.” 

The data presented in this paper support the conclusions that within 
short periods of time, certainly the eight hour periods investigated, the 
total red blood cell count is practically constant, and that any fluctua 
tions present are within the limit of error of the method. In order t 

21. Reichel, J., and Monasterio, G.: Beitrage zur Frage der numerische: 
Verteilung der Erythrocyten und Leucocyten an der Peripherie, Klin. Wehnschr 


8:1712, 1920 











es in blood cell content or those 


uate correctly normal chang 
‘perimental procedure, the accuracy of the technician must be definite 
wn. The parallelism of the coefficients of variations 


ipets with those for day counts by the same technician 1s strik 


tables 3 and 4). Furthermore, increased efficiency on the part of th 
hnician always resulted in a decreased valt rr the coeff 
riation for the periods counted. 
lhe depression of the curve for red cells in the aft ( 
rted by Reinert,? Ward? and Rud Reinert ® found a real diffe 
nce between 12 and 2 o'clock, and Ward 1 owing eine 
ethod, found an average decrease of 250,000 cells in the lat 
on counts of 4 men in a nine day series. Ward? also made 15 
lated morning and 185 aiternoon counts on different persons 
‘tained an average difference of 300,000 cells. Rud? described diminu 
ms at the end of the day which do not pass beyond the limits « 


rror for the method, but he added that on the other hand they com 
vith such regularity that one is not able to refrain from thinking 
sittin wl 


Test s 


ey are not fortuitous. The tained in this study « 
fternoon and the d 


ud’s point of view. Although the morning and at 


| evening counts show a decrease in the last part of the da ‘ 
proved statistically with the amount of data on han 
The drop after meals reported by Hayem,* Reinert ® and Ls 


Kohl and Stebbins *° is found uncertain by Lyon,’ Bing *® and Rud 


Reinert ® quoted Vierordt as believing that the decrease is due to th 
dilution of the blood after the intake of water. However, Bing '® fou 

no decrease after starving persons for twelve hours and then having 
them drink a liter of water, and Rud?‘ found no clear evidence that the 
idsorption of water played any role in the variations of red cells. Fron 
the data collected in this study there is no evidence that the intake « 

blood cell count. Breakfast was 


ood or water influences the total red 
lways eaten just before the first count in the day series and lun 
tsually at 1 or 1:30 p. m.; in the 4+ to 11 p. m. series dinner came 


6:30 p. m., and during the night no food was taken. In the cases 
which nothing was eaten after breakfast, there was no increase 


he number of cells during the day, although fasting is said to r t 
larger counts (Hayem,* Duperie after Reinert *). Conclusions ca 

be drawn, however, concerning the effect of fasting on the red ec 

ount as the amount of data is too small and the time of fastir 10 
The curve for the numbers of red cells in the peripheral blood 


luring the day and night is in no way correlated with that for the 


] 


eukocytes. The marked fluctuations and the increase in the afternoor 
e 1 e e 1 
I cells of tairiv active 


hich are characteristic of the curves of whit 








people (Sabin, Cunningham, Doan and Kindwall,2* 1925; Smith and 


\MeDowell,2* 1929) are not seen in red cell curves made at the sams 


time (unpublished dat: This has been noted by Sabin, Cunningham, 


Doan and Kindwall and b an and Zerfas.’* Glaser ** (1928 
expressed the belief, on the contrary, that the red and white count 
show analogous changes in his study of Widal’s hemoclastic crisis. 


Significant changes have been found to be present between count 


days in ¢ x series of successive daily counts (table 5 and 


). These variations wil 


| ont 7 ° + oe 1 
| not necessarily show if the period 


e.g., the seven day series of Burker *° and Rud,* who found 1 


essential differences. In the longer series of Rud‘ the counts are too 
scattered to give accurate information, but he concluded from them 
+} 


1 
] 
| 


at the real variations present are relatively rare and small. One must 


therefore believe with Rous *° in “the existence under ordinary circun 
stances of a delicately balanced coordination between the rates of 
formation and cell destruction,” for the variations of red cell 

short periods of time are so small ¢ be within the limit of er1 


the method and appear as re: tion ‘ in longer series 0 
counts. 

Hemoglobin terminations. iriat in hemoglobin determi 
ons are similar and parallel to those of the total red counts tha 
been described by Ward,’ Doan and Sabin (1927), Doan 
Zertas?® and Ponder at Millar.?® an and Zerfas?® and Rud 
stated that the changes are smaller than thi f the total counts, and 
Xud added, I frequent. oan and Sabin,?* however, 
in their work on experimental tuberculosis 
globin may precede those in total cells. 

Large diurnal variations (in hemoglobin estim: 


found more frequently than small ones by previo 
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Qn the other hand, Rud? stated that the hemoglobin values are con- 
s no real variation during the day. In this study the 
iriations in a day have been found to be within the limit of error oi 
nethod and, as with the total reds, the afternoon depression was not 
ved to be sig 


s 


tant and there 1 


l 
tne 


nificant according to the data on hand. 
means of the day, 


Neither wert 
evening and night counts found to be really dif 


10 


Smal 


rent from each other. r meals has not been noticed (con 
(1925) 


rming Rud‘), although | a reactio1 
er the intake of water. 


described such 
i 


There is very little literature concerning the variations in hemo 


consistent with his belief in the 


obin values from day to day. Rud, 
nstancy of the total counts, 


stated that over longer periods of tim 
variations in 


hemoglobin determinations are 


re less frequent and 


Klin. Wehns 








aller than those of the red cells. According to Lippincott 1927 
e hemoglobin 1s highest in cold months and lowest after the | 
onths. In this investigation the hemoglobin values have beet 

vary during long periods of time, the wider distributi { 
bservations being reflected in the larger coefficients of variation. Wor 


s being continued on this phase of the problem in its relation to 


counts and cell volumes. 
SUM MAR 


1. Total erythrocyte counts and hemoglobin determinations 


ithin the limits of error of the methods for short period f tit 


WHMis © 








5 2. Total erythrocyte counts and hemoglobin determinations dk 
= vary significantly in response to rest, moderate activity or food 
4 3 here may be real difterences between total ervthrocvte « nits 


nd hemoglobin determinations of separate days or 


for le myver peri ids. 





i +. The error inherent in the method should alwavs be a know? 


ilue in investigations involving data of this kind 
33. Lippincott, L. S.: Hemoglot 5 tain 
( Med. 12:679, 1927 
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a white man, aged 42, Americar 


Ibany Hospital under the care of Dr. Arthur H 
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Comment his patient was admitted to the neurologic service as 
e symptomatology pointed to a left-sided tumor of the brain. Pri 
liastinal tumors not infrequently metastasize to the brain or invade 
e vertebra and spinal cord. When neurologic symptoms predominate 


nd especially when symptoms of intrathoracic pressure are mask« 
do not appear until late, these patients have sometimes been oper 
for primary tumor of the brain. 

Mix reported a case of carcinoma of the posterior mediasti 
vhich pressed on the inferior vena cava below t 
hepatic vein. From a study of the literature, he found that the 
| 


f primary to secondary mediastinal malignant tumors is & 


1} 


ratio ot benign to malignant medi: 


ediastinal tumors are more apt to be primary and malignant. Statistics 























litter as to which 1s more common. Carcinomas have been 
ore frequently by Hare,’ Mix and Maxwell,’* and sarcomas 1 
requently by Harris,’ Steven,® Rosensor and Kott."* 
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; N America 3:1507, 1920 
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rt ¢ Case f Gang f ( Rg \ 
J. Dis. Child. 26:411 ( 23 
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ite blood cell count was 23.3 


and respirations 28 
roentgen eXamination Was not 
ry ditheulty and cyanosis increased rapidly he patient died 
Imission to the hospital 
autopsy, four hours post mortem, a primary mediastinal tumor was foun 


<edly compressing the trachea an ophagus 
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Comment.—Tumors of the thymus continue to hold the interest 01 
clinicians and pathologists alike. They are no longer considered rare¢ 
ne necessarily thinks of thymic tumors when symptoms of mediastinal 
pressure in the young are associated with anterior bulging of the 


rest wall. In this case, the sternum was mn ither pushed forward 

















Fig. 9 (case 3).—Photomicrograph showing that the thymic tumor cells ha 


densely infiltrated the subepicardial fat and are mvading the myoca 


xlin and eosin stains; * 194. 


or invaded by the anterior mediastinal tumor. In an exhaustive review 
: 


f the literature, Crosby '° found that the sternum was actually invaded 


in 10.1 per cent of the cases of thymic lymphosarcoma 


15. Crosby, E. H Personal communicat 


being reported in detail by him 





Danisch and Nedelmann*® reported a case in a child in whom 


malignant thymoma metastasized to the central nervous system and 
produced symptoms of meningeal irritation with a pleocytosis of tumor 
cells in the cerebrospinal fluid. In one of Delessert’s cases,’* a lympho- 
sarcoma of the anterior mediastinum penetrated the lumen of the right 

smooth, pink, 


] 


internal jugular vein and superior vena cava, forming 
patches on the internal aspect ot these vessels 


slightly projecting 
Delessert expressed the belief that one should be extremely reserved 
affirming the thymic origin of malignant tumors of the anterior 
mediastinum when the characteristic glandular elements of the thymus 
are absent in the tumor. However, one must remember that although 
the presence of structures resembling Hassall’s corpuscles (well pre- 


I 


served or degenerated and calcific) is of great aid in determining the 
origin of anterior mediastinal tumors from the thymus, their absence 
does not mean that they may not have been there in the early stages 


of the growth of the tumor process. Furthermore, Hassall’s corpuscles 


may be found if a lymphosarcoma of the mediastinal lymph nodes 
extensively infiltrates the anterior mediastinum. 


\s emphasized by Jacobson,'* the clinical diagnosis of thymomas 


is difficult. The correct diagnosis rests on biopsy or autopsy. In th 
thymoma described by Meeker,’® repeated biopsies finally revealed 


the nature of the tumor, which was later confirmed at autopsy. 
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Streckeisen “*). In the dog, they are frequently found along 
rta where they may undergo goitrous enlargement, as shown 
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\Volfer. Huttyra *? was able to demonstrate thyroid 


tissue even 
the heart muscle. In this case, accessory thyroid tissue was fou 
embedded in the substance of the enlarged persistent thymus. 

Chyroid tissue has also been found beneath the mucosa of tl 
larynx or the trachea, with or without connection with the main thyroi 


gland lying outside. These have been found accidentally at autopsy 


or may have become evident through goitrous enlargements or ever 


‘ 


through carcinomatous transformation (Cappon,*? Wegelin ** and 


others). Kronlein * 


reported an unusual case of struma intrathoraci 
retrotrachealis in which the almost fist-sized struma extended dow1 
from the inferior pole of the left lobe of the thyroid into the thorax t 
the tracheal bifurcation between the trachea and esophagus. It markedly 
compressed the adjacent structures and even produced a marked scoliotic 
curvature of the dorsal spinal column. In Bevan’s two cases ** oj 
mediastinal tumor, which proved to be substernal thyroid enlargement 
at operation, the symptomatology was mainly referable to the increased 
mediastinal pressure. In this case, in spite of the presence of a retro 
sternal adenomatous goiter and an enlarged persistent thymus, the symp 
toms were typically those of thyrotoxicosis. The diagnosis of retrosernal 
thyroid becomes difficult when no toxic symptoms are present. Th 
absence of the thyroid gland in its usual position in the neck, as 11 
Bevan's second case, may serve to put the observer on his guard. 
(Juiescent retrosternal strumas can be diagnosed roentgenologicall) 
alci1um becomes deposited in degenerating, cystic, adenomatous 
goiters. This was shown in one of our recent cases, in which roentget 
examination revealed a large calcified oval ball representing the retrostet 


nal struma, which was later verified at autopsy (fig. 16). 
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Tuberculosis may be 


suspected in the very early stages becaus 


sistent cous 


gh due to bronchial irritation by the growing tumy 


observations must be correlated with the roentgen an 
Confirmatory evidence is obtained by (a) examinatio1 
or pleural fluid for tumor cells, (b) examination < 
specimen obtained by probatory puncture or through the bro 

nd (c) examination of the superficial lymph nodes cor 


metastasis (biopsv). 
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lhe rapid intravenous introduction 
rt chemicals, drugs and biologic flui 
mediate and fat hing nonspecific 
ccasionally fatal. This “speed shock” 
nnoys and baffles the laboratory worke1 
his article we shall describe, localize and 
of the deleterious effects of the rapid 


1f relatively innocuous substances 
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dogs re Qivecl 

course, {1 no morphine. Either a fixed anesthetic sodium 

amyl-ethyl barbituric acid) or ether was administered anesthetized anim 

we recorded the blood pressure from the carotid artery, and at times the respit 

Myocardiograms were also made in three of the animals (chart 

s were injected into the saphenous vein previously prepared with a cam 

] th 5 was empl ved, the hand syringe was used an the pl 

home as rapidly as possible. Larger injections were mi 
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ight (usually fre 
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in addition to th 
digitalis, pituitary, 
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ne and quinine 
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ive procedure, 
agent under 
fatal (charts 4, 


animal recovered spontaneously (charts 1 at 
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obtained specitic h 
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reulatory and respiratory sympt 
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receded the blood change, and that the | 
the former. “Speed shock,’ 
This night be 
sue (charts 1 and 2), 
ifferent from the preceding 
ms occurred respiratory 
simple dyspnea or apnea 
ucking in of the thoracic 
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ith a ballooning of the che 


the circulatory accident. 
ere usually found in the lungs. confirn 
here was either atelectasis or emphy sema 
uld be found in the pulmonary veins. F1 
emorrhages were noted in the abdominal 
Jes ] 1 . » . 
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CTORS rH I SPI ) OCK 
‘speed shock” could not be consistently obtained w 
the substances. If an injection of 1 or 2 ce. was not successful, us 
slightly greater amount of fluid (up to 5 ce.) or an inerease in 
velocity of injection produced shock (chart 6). This was true wheth 


a comparatively inert and small molecule such as sodiu 


VS were 
Occul 


Morphine a 


\nesthesia and an sthetics were unit 
svndrome in unanesthetized animals. 
ther or with fixed anesthetics 
Pyvrogenic substances In on 
-eaction Was not 
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‘| he State of the circulatory Ss) 
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' , , , 
agents emploved could be excluded 


the harmlessness of huge slow inft 


Phe speed reaction tha ‘have described is a definite phenomen 
las previously come to the attention of other workers. Sollman 
vrote of “a primary fall in blood pressure which is apt to occur wit 


all kinds of intravenous injections and which has been an annovins 
complication of experimenters on animals and no less annoying 


In their complete report on the studies of intravenou 


Chart 6.—Between the first and second strips fifty minutes elapsed, during 


which time a continuous slow intravenous drip of Witte peptone (10 per cent 
was administered. A total of 25 Gm. in 25 cc. was infused or 12.5 ce. per 
kilogram of body weight or 1.25 Gm. per kilogram at a rate of 1 cc. per two 
minutes. No changes were noted until later slight shocks were obtained with | 
and 2 ce. injected rapidly and marked shocks with 3 and 2.5 cc. This illustrates 
protection by slow drip, toxicity due to speed, ability to cause shock repeated! 


and absence of protection 


injections, the Commission appointed by the Council on Pharmacy of 
the American Medical Association * said: 
“The rapid administration introduces several hazards: (1) th 
danger of overwhelming the heart and circulation with too great 
2. Sollmann, T.: Manual of Pharmacology, ed. 3, Philadelphia, W 
Saunders Company, 1927, p. 73. 

3. Hunt, R.; McCann, W.:; Rowntree, L.; Voegtlin, C., and Eggleston, 
Status of Intravenous Therapy, J. A. M. A. 88:1798 (June 4) 1927; 90:7 
(March 10) 1928; 91:1372 (Nov. 3) 1928; 92:2099 (June 22) 1929 
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eadily destroye 1 rr rie ; 
ocic 1 
eactiol ctures resembling “speed sho ( 
e literature \ great iret ( ( T 
ot identical yhenomi t CO SIS LSIS t 
nomena, et it is ou opinion. th HS ha : 
jury to the liver cell Wi wish to 1S¢ ere the ( 
itv in the production of these related phenomet ie ( 
aphylactoid reaction—to Inquire specifically ether © ‘ 
injection is the variable at the root « ese reactio1 
luctant to open up controversial data, but eel tl ecessit 
phasizing the importance of velocity an le ng aw ( 
icity of names with their implications 
1) {nat lactotd Re —( )} these ons r 
id phenomena have been most completel unstaking tudes 
Hanzlik, Karsner and their associates > in issic series of expe 
ents. These have been summarized indi v b Z 
irsner. 
These authors have furnished us wit otably complete cture 
symptomatology and the alterations that occur in the chemistry of 
he blood. Because of the resemblance to anaphylaxis, they coine 
he term anaphylactoid, and they have pointed out the extreme impo 
ce of this reaction in the general field hbiolog nd medicine 
ecause of its relationship to true anaphylaxis and other immunologi 
8. Hanzlik, Karsner et al. (footnote 1 st, sé t t ent 
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injections, apparently from 
emploved (methenamine and sodium sal 
ced immediate reactions of the type 
these authors termed 


Viactoid 


15 and 
29 witl 


phosphate 


Ik reaction, tour 
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the individual 
observed. Of four 
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1O respons and two 
two caused shock and on 


two with calcium chloride 
Chis irr 


lil 


, 
caused Col 
an elevation « 
one produced 


egularity, shown in analyses f 
strongly against the 


, ‘ 
1 SNOCK 
1] 
rom all pot 


nt 
reactions being caused by 
concentration, or the s 


a 
nt, its dose, tate of the physical 
animal.” \We cannot’ possibly conceive of an interpretation of 
shock reaction as due to the agent introduced, knowing ful 


saline, dextrose and acacia are absolutely inert sai gene) 
The use of the word anaphylactoid, we believe to be 
Hanzhk and Karsner have 


agar, 


wel 


misleading 
themselves pointed out the ditferences 
between true anaphylaxis and the “anaphylactoid” phenomenon. Th 
latter is not necessarily caused by protein; it usually appears « 
Intravenous Injection 


there is no period of incubation; there is no t1 
ind detinite state of protection ; hypersensitivity 1s not transferable 


1 
IN 


interpret it is the fact that 


lesensitization does not occur. The sole relationship to anaphylaxis 
We 


both cause a disturbance of the liver 
cell giving rise secondarily to an identical syndrome. 
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Krom a biolog 
and immunologic standpoint the reactions are wholly dissimilar. 
Karsner'* later indicated this when he said, “the resemblance 
signified by the term ‘anaphylactoid reactions or phenomena’ but t! 
does not indicate necessarily that in their essential nature they 
directly related to anaphylaxis.” Again he 
eactions 


stated that 


in the 


“anaphylacto 
are for the most 


part obviously circulating fluid 


eighth reference, p 
eighth reference, 








LOCH li ks Of 


and Warsner, previously referred to, “speed shock” symptoms 


attributed to the specitic agent under consideration, Without wishing 
to dwell again on these data, we believe that the long list of drugs an 
chemicals investigated by them are relatively innocuous with th 
exception of copper sulphate and sodium salicylate. The latter are 
horribly toxic. This is worthy of emphasis because of the use oi 
sodium salicylate for injection into varicose veins. .Among the sub 
stances that are quite nontoxic sui generis, we wish to stress hypo 
tonic, hypertonic and isotonic saline, sodium citrate, iodide an 
particularly. acacia. The importance of the absolution of acacia is 
emphasized by the controversies regarding its use clinically in shock 
and hemorrhage. Many report exceedingly unfavorable experiences, 
while others (most recently Keith at the Mayo Clinic '*) are impressed 
with its value and have failed to encounter untoward reactions 
This controversy might well be settled if the work with acacia is 
repeated with careful attention to velocity in the injection of th 
Huids. Our experiences with acacia in the laboratory lead us t 
believe that it may be an enormously valuable clinical adjuvant 
\We have found the 25 per cent solution to be less likely to cause “speed 
shock” than the 6 per cent. We have been able also to produce “speed 
shock” with arsphenamine. This suggests that there might be an inti 
mate relationship between the nitritoid crises and the “speed shock,” if, 
indeed, these are not found to be identical. .\nother example of error 
introduced by “speed shock” is the primary fall of blood pressur 
resulting immediately following the intravenous administration ot 
digitalis.'* This has been extensively studied in view of the fact that 
it is difficult to understand so rapid an effect from a drug that 1s 
notoriously deliberate in its dynamics. We are convinced that this 1s 
not a specific effect of digitalis, but that it is caused by overrapid 
introduction of the solution. This observation has extreme clinical 
significance in the management of emergencies which demand rapid 
digitalization per vein. “Speed shock” is of great significance, toi 
in the interpretation of the results of injection of the so-called blood 
pressure reducing substances, particularly those derived from the liver 
Workers in these fields should particularly mention their rate 01 
injection before discussing the specificity of the product under inves 
tigation. 

(3) Posttransfusion Reaction—\Ve were curious to ascertat 


whether the reactions following transfusion might be related to th 


M Intravenous Medication, J. A. M. A. 98:1517 (Nov. lé 


and Levy, R I-ffect of Therapeutic Doses of Digitalis 


the Heart Muscle, J. A. M. A. 74:1597 (June 5) 1920 
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speed shock.” In one experiment we withdrey 
art of an anesthetized animal. The blood 
vere momentarily affected, and when the) 


ipidly infused the blood from a_buret. 

vith the syndrome previously described 

tendency of transfusion specialists is to increas 

especially when the syringe method is employed. These studies su 

trongly the necessity of reopening the problem of posttransfusior 

tions from the standpoint of consideration of the velocity injection 

experiences would suggest that slowly administered 

itrated blood might show a complete absence of the velocity 

ind these could easily be compared with a series of rapid injecti 
(4) Sudden Deaths Following Intravenous Injectios 

son’s'® report on sudden deaths, he stated that many of the deatl 

“anaphylaxis-like phenomena.” No mention of velocity is made 

nalyses. Similarly, in the report of Drinker and Brittinghar 

cerning two deaths following transfusion, al f the possible 

re analyzed except velocity. We geest that velocity might 

svndrome 


unknown factor in these fatalities 


wht have been “speed shock.” 


Ss 
SUMMARY 


1. The rapid injection into the vein of 
widespread disturbances. 

2. This syndrome is deseribed. Vhe term “ 

3. “Speed shock” may terminate fatally. 

+. The primary disturbance occurs in the 

5. The relationship between “speed shock’ and the 
reaction and other allied biologic phenomena such as the 


posttransfusion reaction, etc. is discussed. The belief is expressed 


ese may be dependent on “speed shock.” If not, their similarit 


their common site of origin, viz., the liver cell 
6. “Speed shock” is important to the pharmacologist, 
failure to consider the factor of velocity are illustrated 


| 
nati suddet 


be important to the clinician as an expla 
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1e foregoing CONCITIONS, “speed 


In addition to its role in t 


ported following intravenous injection. 


Lamson, R. W.: Sudden Deatl 
es, J. A. M. A. 82:1091 (April 5 
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rO SLOW 
VENOUS 


workers and clinicians recognize the importance 


fluids slowly into the blood stream. Friedmann *! reported 
of patients treated with what he termed an “intravenous 
the rate of about 2 to 5 cc. per minute. Dextrose with add 


hrine was employed, The most enthusiastic and consistent advocat 
tvpe of therapy in this country has been Titus.°* By means « 

iwemious apparatus he infuses intermittently from 50 to 75 Gm. of 
dextrose in 25 per cent solution at a ra cc. per minute. He has 
ited out its usefulness 


in toxic conditions associated especially witl 


\We have been unable to find any uniformity in the definition 
ww injection. -\ccording to the Committee on Intravenous The 


ppointed by the Council of Pharmacy of the -\merican Medic 


11 


intravenous injections should always be given slowly. The 


the figures from the workers at the Mayo Clinic, who regat 
1] as 4 


QO to 20 ce. per minute as a slow injection for water 
dextrose. Keith '* regarded from 30 to 40 cc. a minute as 
factory rate of injection for dextrose. He mentioned velocity agai 
to state that the rate of injection of intravenous solutions 


Otten too rapid In Osborne's textbook on therapeutics an Injection 


of 1 quart in thirty minutes or 30 cc. per minute 1s called a slow injec 


tion. Hlanzhk and Karsner*! advocated 3 


animals 


ce, per minute in laboratory 


MATERIAL 


section of this paper we materials and 
present study. Here results obté 
emphasizing, howe nnocuousness 
ntravenous drip) (charts 6 and han the harmful effects 
k (charts 1, 2, 3; 4 and 5). 


{ 


infusions were made through the buret. Usually a Murphy dri 
etween the tip of the buret and the vein cannula, so that we coul 
the rate of tlow \ttempts to use complicated automat! 
discarded. Conditions that require intravenous administra 
to warrant the constant presence of the expert 
clinician. The are so many variables, such as the variation 
patency and caliber of the tubing, 


lood pressure, ete., that me 


column of fluid, the vein clotting 


piece Of apparatus can be found to cat 


nn, M Ueber intray 
(Nov 1913 


I, 


Daueriniu 


\pparatus tor lPemperature 


M. A. 91:47 


jections of Dextrose 





1 1 


l cc. equals O.1 mg.) was intused_ sh 

period of one hundred minutes (1 ce. 
ssure of the animal was higher at the 
the infusion. The respirations were unatfected 

re due to pinching the rubber tubing in order 


asionally. Each of these pinches was accompanied 


hlood pressure, verifying the potency of 


nt, 10 ec. of horse serum was infused slowly into guinea 
ed ten days previously. No evidences of anaphylaxis oceurre 
ce. was injected rapidly, and the animals di 
ese two experiments emphasize the importat 
ing changes in concentration sufficient to 
le but potent substances. Infused under the cit 
threshold value could not be reached for the 


1e histamine must have at least equaled the i1 
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also open to criticism when the nonspeci! 
of speed shock have been attributed to inert agents employ 
1 to the technical error of too rapid injection. Thus Hanzli 
IXKarsner speak of the toxicity of hexamethylenamine, agar, peptone 
ers earth, hypotonic and hypertonic saline, acacia, ete., where 
the symptoms produced are nonspecific and, unlike the histamine, ni 
cumulative, unrelated to threshold value or concentration and are du 


wholly to the speed of injection 


NECESSITY Ol STANDARDIZING VELOCITY 


velocity of injection should be standardized both in the labor 
and in the clinic. We do not belive that any single rate can cover 
drugs. For obviously hypertonic solutions should be given slower 
than isotonic and large molecules slower than small molecules. \gai 
substances (saline, dextrose and acacia) may be given mort 
than slightly active substances such as methenamine or 
phenamine. These in turn can be given more rapidly than potent 
substances such as histamine, epinephrine, etc. Toxic substances sucl 
as copper sulphate, etc. must be given intermittently as well 


slowly if they are to be given at all. An ideal rate would be one 1 


eliminated the possibility of speed shock and yet permitted the drug 


or agent to reach its threshold value and give its specitic effect. \ 
suggest that in pharmacologic assays, at least, a rate of 1 
minute should be accepted as standard. In the clinic this rate 
impracticable for an infusion of 500 ce. would take eight 
hours to complete lor clinical purposes, Z of 3 cc should be 
upper limit for amounts of over 100 ec. and 1 ce. a minute 
maller amounts. These figures should not be regarded as the 


vord, but are to be regarded as a first attempt to standardize tl 


itv of intravenous injections 


POSSIBLI CLINICAI VALUI Ol INTRAVENOUS DRIPS 


\Vith slow infusions (intravenous drips) such as we have describ 
way be possible to give much larger quantities of useful substance 
acacia, dextrose, methenamine, serums, etc.) without the hazard « 
the nonspecific speed shock reactions or even of true anaphylaxis. TI 
huge amounts of fluid that can be handled in this way also demonstt 
the extraordinary equilibratory mechanism in the body for handli 
fluid. The bulk reaction is easily recognizable and not dangerous 
mav be abolished by intermittent infusion or a slow rate. The 
, i 


sibility of applying these suggestions to the treatment for shock 





and in serum therapy is espe 


who may be interested to toll 


he exposed and a large sized ¢: 
ds may be run in from a buret or reserve 
| ] 


heated. \n electric pad wrapped aroul 


i\ be an added protection It Is CONCEI\ 


will prevent “speed shock,” 
emoclastic crisis, posttransfusion 
len deaths, described as fol 


too much to hope tha 


\ slow 1 


ities of fluid 
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1 toxic products may 


the injection is interrupted 


o. Lie practical value of these obser. 
speed shock,” anapny laxis, ana] hvlact 
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INTRODUCTION 


those who have atten] ted to rest 


from a normal to a disease 


attending dangers 


vivid stvle ' the outstat 


\\ hicl 


+ 1 1 
of the incompatibilities that 


actions came only after the 
‘lutination in 1901; a simple method 


w out of the classifications of Jansky ( 1907 


sa result of these discoveries, transfusion of blood | nie 
erapeutic procedure at about the time of the World Wat 
vided one has taken the necessary precautions in preliminat 
grouping and cross-agglutination tests, it is a procedure relative 
trom. danger. Nevertheless, transfusion reactions | still 


occur, 


Uthough some of them are undoubtedly due to carelessness in 


liminary steps, it has been learned that certain reactions, most of thet 


mild but others severe and fatal, cannot be clearly explained on t 


Jansky and Moss 
In order to separate the unimportant from the serious transfusio 


t 


basis of the obvious incompatibilities discovered by 


reactions, recent authors have made an effort to formulate a classificatior 
of the various types. The classifications are for the most part sym] 
tomatologic, and are designed for the guidance of the operator of th 
transfusion; they deal primarily with the occurrences during and 
unmediately following the injection of blood; they distinguish the 
trivial incidents from the danger signs. Three broad types of reactior 
are set forth: the “incompatible,” the “citrate” and the “allergic.” The 
Submitted for publication, June 30, 1930. 


From the Medical Clinic of the Johns Hopkins University and Hos 
1. Denys’ patient, after a severe 


pital 


immediate reaction with paresthesia, swe 
ing, lumbar pain, smothering sensations and vomiting, “fell 
| 


asleep about 
o'clock.” The next morning he seemed improved and “made 


a great glass full 
1f urine, of a color as black as if it had been mixed with the soot of 


(Keynes, Geoffrey: Blood Transfusion, New York, Oxfor« 
192? 


chimney 
1 University Pres 
) 

2. Landsteiner, K.: Ueber Agglutinationserscheinungen normalen menschlicl 


Blutes, Wien. klin. Wehnschr. 14:1132, 1901 








other cases have 


tabulated form 


authors, but 
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uUmost all of them oT mento 


Tl 
mg to this group, but of w 
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vy to permit profitable tabulation 


liscussion have been reported in recent vears since 


modern methods of transfusion. No serious effort h 

cen ma study systematically the literature prior to the recognitiot 
blood groups It is of interest to know that reactions with sever¢ 
nal involvement occurred during the course of the earlier experimenta 
Ponfik,* in 1875, gave a full description of reactions of this kind 
rs given transfusions of foreign blood. Lévy * (1904), in ar 


front) 
Ul 


gation of the renal changes found in experimental hemoglobinuria, 


number of earlier contributions to the study of this subject 
1928) presented a large bibliography which covered man 


more recent stud Ss 
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shock, chill, fever, vomiting, 
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ind) urinary suppression The a 
itinued \ secondary, delayed reaction, which reached pe 
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n the eighth day after transfusion, was agitation, psychosis 
retention, purpura, convulst 


reduced phthalein excretio 


I een 
1 coma Recovery began on the nint 1 with consider 
diuresis. Three months later the patient was well 
\ white man, aged 52, had been sick for abot ars; he was first 
the Johns Hopkins Hospital in July, 1922. The 
blood cells, 1,200,000; hen 
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mee 
h day and was associate 


n diagnosis was per 

The blood examination showed 
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Fig. 3 (case 3)—Course of a patient who was given a transfusion of 350 


f blood. An immediate reaction was followed by persistent vomiting and oligurt 


nic manifestations developed gradually and the patient died on the eleventh « 


There was distinct central atrophy, and in addits 
necroses, in some of which the nuclei were no longe 


ial cellular structure had been replaced by smooth hyal 


hich there was a scattering of !wmphocytes and a 


onuclear cells with shrunken nuclet 














cle ve lope d 


vs the general 


and on the 


irritability 


tubules 


was flattened 


8 (Lemke ) \ woman, age¢ ectopic 


was general improvement immediately after 


but so 
f the transfusion there w t vomiting, 
rression and epistaxis he patient grew exhibited 
mia and died six days after the trar 
\t autopsy, punctiform hemorrhages were und in the pleura and mu 
membrane of the bladder. The liver showed numerous necroses located for 
most ps n the central portion of tl . The kidneys were pale 
occasional glomeruli seemed swollen; the tubules were filled with cellular débris 
finely granular or amorphous material giving the color reactions of heme 
many collecting tubules were plugged with this material. The capillaries 
medulla were distended with blood; I] 


accumulation f small round cells 


bserved here and there between the tubules 


1 


ASE 9 (Santy !1) \ woman, aged 30, had a ruptured ectopic pregnan 


immediate results of a transfusion 


*t 


seemed favorable, but on the second da 


suppression and hemoglobinuria were noted. The oliguria persisted and 
eighth day, following the development of pulmonary edema, the patient 


died. There was anuria during the forty-eight hours before her death. 


Case 10 (Boidin, Berthaux and Beyrand \ young woman had _ prolonge: 


typhoid fever with progressive anemia. There was a violent immediate reacti 


following transtusion, with a chill, collapse, fever and vomiting, followed | 
urinary suppression and “red urine.” The oliguria continued and vomiting 


eased on the fifth day. On the sixth day, 


! wing generalized convulsions 
became comatose; the coma lasted - four day \s 


Consciousness 


was diuresis. The patient gradually returned to normal 


and Dodds 1%) \ woman, aged 38, had a gastric ulcer 


isfusion during oper An | 


immediat 


al Suppression of Urine Caused Latent Haemaggluti 


J. 1:754 (May 5) 1928 
10. Lemke, R. Pathologisch-anatomische Befunde bei Todestfalle 
Bluttransfusionen, Virchows Arch. f. path. Anat. 257:415, 1925. 


11. Santy, M. P.: Néphrite aigue mortelle c 
ir. 23:608, 1926 
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Boidin, Berthaux and Beyrand: Petite tr 


ng citraté dans un cas de septicémie post-typhoidique. Choe dramati 
( it ar extremement graves, Bull. et mém. Soc. méd. d 
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43:869, 1919 
13. Baker, § and Dodds, E 
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epithelial necrosis. In none of the other cases was calcification noted 
and in only one (case 17) was epithelial regeneration noted \ttentior 
was not directed to the occurrence in the intact epithelial cells of lrople t 
similar to the pigmented material found free in the tubular lumina 
Yorke ** gave an excellent description of exactly similar droplets im the 
renal epithelial cells (a) of dogs that died during the passage of hemo 
globin resulting from infection with Piroplasma canis and (>) of rab 
bits four hours after the intravenous injection of hemoglobin. Yorke 
said of these droplets that there was “but little doubt that they ar 
derived, in part, at least, from hemoglobin.” 

()n the basis of our own observations at autopsy (case 3). whicl 


seem to agree in general with the observations of others, we feel justifies 


} 


in saying that the renal disease is of an unusual type. It 1s characterize: 
chiefly by edema and cellular infiltration of the interstitial tissue, dilata 
tion of the intracapsular spaces of the glomerul, dilatation of the 
convoluted tubules, advanced necrotic changes in the tubular epithelium, 
especially that of the collecting tubules, with deposition of pigmented 
droplets in many of the cells and finally, the appearance in the tubulat 
lumina of leukocytes, large phagocytic wandering cells, desquamated 
epithelium and peculiar pigmented globules of various sizes. Studies 
of the droplets in the epithelial ceils and of the larger pigmented masses 


in the lumina of the tubules invite the suggestion that they are hemo 


globin products of some sort. The droplets seen near the glomerulat 


extremity of the tubule possess the staining characteristics of the hemo 
globin that is contained in adjacent erythrocytes, but those which occur 
further down toward the renal pelvis have lost their eosinophilic and 
fuchsinophilic qualities and show increasing amounts of brownish pig 
mentation. Except for the occurrence of this pigment, the changes 11 
the kidney are much like those found after poisoning with mercuri 
chloride. Hemorrhages into the mucous membranes were noted in fout 
Cases 
COMMENT 

From personal study of the complete records of three cases and frot 
the available information concerning fourteen others reported in the 
literature, we are led to believe that the characteristic delaved reactiot 
following transfusion described here is dependent on the injection 
incompatible blood.** Furthermore it would seem that most of 

26. Yorke, W 

d. 5:401, 1911 


27. It is important to note that Ottenberg i 
maly in Blood Groups, J. Immunol. 12:35, 1926) 
of reaction may occur even when the d 


y 17 
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mechanica 


explained by 


who was 


suppression 


the urin 


sufficient « 


function 





“Innocuous t i cat and dog.’ What is mor 


and Minot ijected sufficient quantities ot hen 


into human beings to produc arked hemoglobinuria without 
ably atfecting renal efficiency. t is noteworthy that in the latte: 


eriments it seemed to make no ditference whether the hemoglobi 


1 from blood of the same or of an incompatible grou 
| 


human being 


Rich,“ who conducted similar investigations on 
the Ihns Hopkins Hospital, arrived at the same conclusion: that the 
yiection of hemoglobin in sufficient amounts to produce marked hemx 


} 
y 


lobinuria is a harmless procedure. Considering the matter frot 


nother point of view, it is significant that in several of the cases 
vhich urinary suppression followed transfusion, hemoglobinuria wa 
not noted There is therefore no substantial reason for regarding 


the hemoglobinuria and the blood pigment casts as the direct cause of th 
al insufficiency. Despite this, the histologic observations 1in_ the 
kidneys, previously described, make the theory still somewhat attractive 
lhe second possibility, that the kidneys are sensitive to a substance 
contained in the incompatible blood and that the renal insufficien 
results from a reaction of the nature of an anaphylactic shock, finds its 
chief support in the associated clinical phenomena; the urinary 
suppression dates from a generalized reaction resembling anaphylacti 
shock. The fact that anaphylactic shock in the spontaneously hypet 
sensitive person may be associated with a temporary but severe grad 
of renal insufficiency has been pointed out by Longcope and Rack 
mann. \fter three days on a diet containing considerable beef, on 
of their patients who was markedly sensitive to beef serum suddenly 
had an attack of urticaria. Studies of renal function before, during an 
after the attack showed that during the attack there was marked 
Ubuminuria and evlindruria with retention of water, chlorides an 
nitrogen and a precipitate fall in phthalein excretion. It is conceivabl 
that this reaction could occur in a person who is hypersensitive to the 
substances contained in incompatible blood 
In discussing the third possibility, that the immediate transfusiot 
reaction brings about a metabolic disturbance which affects renal func 
| | 


tion, we wish to consider particularly the salt metabolism. It is a wel 


Sellards, A. W. and Mit njection of Haemoglobin in Man at 
Relation to Blood Destruction, wit! pecial Referer 0 th as, J. M 
arch 34:469, 1916 

R Pe r 
W | R and Rackemant 
Attacks of U 

1917 

omprel ensiy 





Nitin 
Vorntin 


tssocl 





Is n atu hypochloremic azotemia. (>) In eas 
ily case in which the blood chlorides were adequately followed 
as no hypochloremia. The following tabulation shows thi 
nprotein mitrogen and blood chlorides (chloride as sodium 


the whole blood filtrate) in milligrams per hundred cubi 


) 


IW) Case 


possibility, that the anatomic and functional renal 

anges are brought about by irritating or toxic substances contained 
in the Incompatible blood, is rendered plausible by the character ot these 
renal changes. The edema of the kidnev, the infiltration with wandering 
cells, and the necrotic tubular epithelium suggest an acute poisoning o| 
some sort. Goormaghtigh,® in deseribing the kidneys of his patient 


case 4+), noted that they presented the picture of a toxic tubular 


nephritis He considered the associated liver necroses as additional 


evidence for the theory that the whole reaction is due to a toxie process 
Phe frequeney with which liver necroses form a part of the pathologic 
picture is striking, and is a strong point in favor of this theory. Just 
what portion of the injected blood is capable of such toxic action it is 
difficult to say Leéevy.? who investigated this subject, came to the cor 
clusion that the hemoglobin was the portion of the blood which damaged 
the tubular epithelium. Levy's experiments however, were on rabbits 
and, as noted, more recent work seems to show that hemoglobin § is 
mMnocuous to man (In this connection it is interesting to note that 
in the descriptions of blackwater fever [Dudgeon *], one finds a picture 
similar to that of the transfusion reaction: a febrile paroxyvsm followed 
by hemoglobinuria, urinary suppression, vomiting, jaundice and, at 
autopsy, liver necroses and renal lesions not unlike those alread 
deseribed \s the patient recovers, the evidences of nephritis clear uw 
rapidly. It 1s sometimes stated that the renal lesions of blackwater fever 
are due to the hemoglobinuria per se, but I can find no convincing proot 
of this. Lindau * commented at length on the similarity of the delayed 
transfusion reaction to blackwater fever. He also called attention to 
renal lesions in human paroxysmal hemoglobinuria and in the various 
hemoglobinurias of animals. ) In short, though it cannot be sai 
that any particular part of the incompatible blood is responsible, th 
changes in the kidney and liver are of such a character as to make tenab! 
the conception that they are brought about by an irritating or toxic sul 


stance set free in the blood at the time of transfusion 


Blackwater Fever. J. Hvgiene 19:208 (Oct 
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he epigastric distress due to extragastric lesions so. closel 
resemble that due to peptic ulcer that a detailed study 1s necessary 
litferentiation. The present study is concerned with the 
the 


} 
l 


mechanist 
epigastric distress associated with a spastic colon and chron 
ppendicitis. The 


fundamental factors 
distress in these conditions are no doubt common 


other extragastric lesions. 


responsible for the epigastric 


to conditions caused b 
Clinical observations ' indicate that the dis 
comfort is induced by a stimulation of the stomach. In a tormet 
investigation ? a reflex stimulation ot from the colo 
appendix and gallbladder 


the dog. The inti 


lie 


| was demonstrat 
duction of a 


] 
foll 


few drops of croton oil in the proximal colon was 
owed by an mcrease in 
action, particularly of 


Irrita 


usual 
tone and a striking incre 


ase in the peristalti 
stomach. When th 


mucosa 


the pyloric portion of the 
tion was confined to the appendix or applied 
rallbladder, the same gastric phenomenon 
instance the stimulating effect on tl 
by 


atropine 
vations directed 


action of the pyloric section of the stomacl 
ndition of the colon and local 


were selected in whom it w 


injecting all 








ri distress 


distress corre sponded 


It appeared during the upstroke and subsided on 
administration « 
ste mach, and after a ft Hnut ist: waves ceased and the Pp 
disappeared. The gastric activity sul t full eff f the atropine w 
hat during the control period 


s following the aforementioned experiment, a fluoroscopic examir 


tomach was again made During the examination, air was introdu 
colon. The patient at once experienced distress. It was localized over 
lorus and oc¢ urred a a peristaltic vave passed over the pyloric ring 


ach instance iS ) H Wave passed al 


bsequent wave 


Z Phe in figure |] other patien 
distress, which occurred at from one and one-half to two h 
was obtained by taking soda, by belching, by the passage 
vel and by bowel movement. This discomfort had appeared periodicall 
from four to tive years and was more apt to be present during periods of c 


stipation In the gastro-intestinal examination, a spastic colon was the onl 


significant observation. A rectal tube was passed, and as soon as air was in 


duced into the colon, the typical burning sensation was felt in the epigastriun 


This distress was also induced by the massage of the ileocecal region, and tl 
possibility of chronic appendicitis was considered. The internal inguinal ring 


were large, and a definite bulging was noted on coughing The stretching 


} 


rings by the fingers also produced the pain in the epigastrium. 


In the gastric curve (tig. 1) there was a striking increase in tone, and thi 
stomach at once became active \fter the inflation of the colon the registratior 


the pain was done in the usual manner and is indicated below the gastric cur 


The pain corresponded to the increase in tone or the passage of a peristaltic wave 
In this experiment the influence of nitroglycerin was tested, and there was 1 
apparent change following the first administration. After the second dose, how 
ever, there was a sharp reduction in tone and a decrease in the size of the pert 


staltic waves, but the epigastric distress continued. After a few minutes atropine 
was administered, with a subsequent reduction in tone, cessation of peristalsis and 
the disappearance of the pain. 

These observations indicated marked changes in the stomach following 


introduction of a small quantity of air into the colon. This feature was checked 


by a fluoroscopic examination. The position and activity of the stomach 
carefully observed, and then air was injected into the colon. There was 

a striking increase in tone, and the stomach assumed a higher level 

Active \ prepyloric spasm was noted, and the typical pain was localized 01 


this area. This pain was intermittent and continued to be localized over the spas! 


ardless of the change in the position of this region of the stomach 


he patient was transferred to the department of surgery for the repair ot 


| removal of the appendix. There was, however, no significant path 


la alle 


process in the appendix 


The following case is of particular interest because of the delay 


response to the injection of air into the colon. 


This patient was well until 
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